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INTRODUCTION. 

Tux Sun ifi the life of the Earth. 

It is the common origin, the inexhaustible soarce, 
whence have been derived for millions of centuries 
past all terrestrial powers, all mechanical and phys- 
ical energy, as well as the powers of all living crea- 
tures, both vegetables and animals. It is the Sun 
that constitutes our globe a region of light, heat, and 
movement — in a word, a region of life, instead of a 
dark, dreary, and silent desert. 

The heart shrinks and imagination is horror 
struck by the thought that this torch of the world 
might some day be extinguished, and cease to bathe 
our Earth and the other globes submitted to its in- 
fluence in its vivifying effluvia. The probability of 
such an occurrence is, doubtless, very slight, but we 
shall see that the annals of the heavens afford some 
similar cases. However that may be, it is, perhaps, 
interesting to point out the consequences of puch a 
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catastrophe, in order to better understand the beiie* 
ficial influence which the central orb of our system 
exerts on our world. 

Primitive nations, with ignorant simplicity, looked 
upon the Sun as a great god of Nature. The wor- 
ship of fire and of light is at the basis of all theogony. 
This instinctive adoration is met with again, not only 
among tribes far removed from the contact of civili- 
sation, but in the midst of our own rural population, 
as may be seen in the following anecdote related by 
Arago in his accoaut of the total eclipse of the Sun 
which occurred in July 1842 : — 

* A poor boy from the village of Sieyès, Basses 
Alpes, tended his flock. Completely ignorant of 
what was about to happen, he was alarmed to see the 
disc of the Sun becoming gradually obscured, for no 
cloud or vapory mist was there to furnish an explar 
nation of the phenomenon. When the light suddenlv 
disappeared entirely, the child, in a paroxysm of ter- 
ror, began to cry and to call for help. His tears still 
flowed when the Sun again gave forth a ray of light, 
Tranquilised by this sight, the lad crossed his hands 
and exclaimed, heou Souleou! (Oh, beautiful 
Sun I)' 

Was not this exclamation a distant echo of ancient 
idolatry } At the present day all traces of a super- 
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Btition of this kind among the masses of the people 
have, doubtless, disappeared ; but ignorance has re 
mained, and indifference has succeeded to enthusiasm 
The farmer ploughs and manures his fields : he then 
confides the seed to the soil, and counts upon the 
rain and the sunshine to bring about a fine harvest. 
Does he endeavor to account to himself how the rays 
of the Sun operate when they thus work for him t 
Has he ever asked himself what this powerful assist- 
ance is, without which his labors would be vain and 
his soil sterile — or how it happens that night and day 
succeed to each other with durations which are pe- 
riodically unequal — the why and the wherefore of 
Summer and Winter, Spring and Autumn — what are 
the causes of those .phenomena in which he is so 
directly interested, namely, the winds and the rain, 
fine weather and storms? The manufacturer who 
feeds his engine with coal to transform water into 
steam, and thus generates force which he distributes 
to his various workshops, scarcely dreams, either, of 
the original source of all this power. 

It is to the Sun, as we have said, and as we wiU 
show, that we must attribute all the marvels with 
which the work of Nature and the activity of man 
have enriched the Earth. At the present day, 
Science, untrammelled by the primitive ignorance 
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and saperetition that formerly veiled it with obscnre 
nymhoh^ is in a position to demonstrate the tmth of 
thiê bold assertion. 

This is why we thought of writing the present 
little work, addressed to every one except astronomers 
and philosophers, who have in their hands all the 
documents which we have consulted, and who, more- 
over, know more than we do on this subject. 

We invited our readers, a short time ago,* to 
make a little journey with us of some three hundred 
tbouiand miles — a mere trifle— and to explore the 
Moon, our faithful satellite. This time the road will 
bo longer, but we wish to pay our respects to that 
powerful orb whence the Earth and all the other 
planets are probably derived ; and with filial duty, 
as much as by curiosity ,, we may safely decide on 
making our imagination stride over some ninety 
millions of miles A railway train would require 
three centuries and a half to perform the journey, but 
we shall want only a few hours, and shall return 
from our excursion, I hope, with a considerable 
number of curious facts. We will measure the Snn, 
itf circumference, its volume ; we will weigh it in an 
astronomical balance, and >\rith the help of the nat- 
nral philosophers, we will estimate the intensity of 

* The Moon, Amedrb Guillemim. 
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Its heat and its light. Finally, after having witnessed 
its rotation on its axis, and fixed the duration of this 
motion, we will explore all the points of its immense 
surface, of that vast ocean of fire ; we will studj its 
storms and furious tempests, which, from far ofl*, show 
themselves in the telescope i^ spots, more or less dark, 
and resemble gigantic pits into which our poor little 
globe would drop like a pebble doAvn a well. 

After having thus closely explored the immense 
luminous sphere, whose power compels more than one 
hundred planets and innumerable comets to circulate 
around it in regular periods, we will retire from it, 
mentally, until it appears no more than a point, lost 
among the world of stars. We will then seek its 
place in the great Nebula of the Milky Way, and we 
shall see that it moves along in space, carrying with 
it its entire company of planets, towards a point 
situated in the direction cf the constellation of Her- 
cules, satellite, in its turn, of some other unknown 
sun or of a group of suns. 

Such is the condensed programme of the astrono- 
mical journey to which we invite the reader who is 
curious about things in the heavens, and who may, 
perhaps, have asked himself the slightly embarrassing 
question, ' What is the Sun i ' 



CHAPTER I. 

The Sun as the Source of Light, of Heat, and of 

Chemical Aciton 



§ I. Tbs Ligiit or the Sun. 

Some Notions of Photometry; what is meant by the illumlDating 
Power and the intrinsic Brilliancy of a source of Light. — To how 
many Wax Candles is the lighting Effect of the Sun equivalent ?-« 
The Light of the Sun compared to the Eleotric Light. — Estimation 
of the intrinsic Intensity of the Sun's Light. 

To say that the Sun is the most brilliant source of 
light known is, probably, not teaching much to any 
one. It would be more interesting and more profit- 
able, but much less easy, as we shall see presently, to 
estimate with a certain degree of precision the inten- 
sity of this prodigious focus of light. For the last two 
centuries several attempts have been made to measure 
the intensity of solar light ; and although the results 
do not all coincide, they will be sufficient to give 
some idea of the luminous power of the mighty orb 
as compared with that of other natural or artificial 
sources of light which we can observe or procure on 
the surface of the Earth. 
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Before entering into the details of this delicate 
question called photouietry, let us lay down certain 
principles which are necessary to dissipate whatever 
may seem obscure to the eyes of readers unacquainted 
with optical theories 

When we speak of the intensity of a source of 
light, this intensity may l)e considered from two dis- 
tinct points of view : by it we mean either the iUumù 
naiing power of this source as compared with some 
other Bource of light taken as unity, or we mean its 
intrinain brilliancy. Let us show by a few examples 
what is the difference of these two denominations. 

Suppose, for instance^ that we have found the illu- 
minating power of a gas-jet of certain dimensions 
eqiial to that of sixteen randies : in this case we sup- 
pose that the gas-jet and tlie sixteen candles are placed 
at the same distance from the surface of a body which 
ift then equally lighted up by the two sources of light. 
The same ratio would exist, however, between the 
illutuinating powers of the gas-jet and of one candle 
taken as unity, if the distance of the gas-jet from the 
object lighted up was four times greater than that of 
the candle. This is a consequence of the law in virtue 
of which the illuminating power of a source of light 
diminishes in inverse ratio to the square of the dis- 
tance, that is, becomes 4, 9, 16 ... . times weaker^ 
when the distance, on the contrary, becomes 2, 3, 4 
.... times greater. 

Taken in this sense, the intensity of solar light, or 

illuminating power of the Sun will be measured 
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by the number of candles, of gas-jets, of lunar disc8| 
of stellar lights, &c., which it would be necessary to 
accnmulate, or to suppose collected, either at certain 
fixed distances from some surface, or in the sky at the 
distance of the stars themselves, to produce an equal 
degree of illumination on the surface in question. 

One word now upon what is meant by the intrinsic 
intensity of a source of light. Imagine that we could 
cut out upon the disc of the Sun a space equal to that 
of the flame of a candle seen at the distance of one 
metre (3*28 feet English), and that we asked ourselves 
how many times more luminous the first surface would 
be than the second? The answer to that question 
would give the intrinsic intensity of solar light com- 
pared to that of one candle. Thus, the estimation of 
the intrinsic brilliancy of a source of light consists in 
comparing the brilliancy of a portion of the luminous 
surface, with that of an equal surface of another source 
taken as unity. 

The distinction between the illuminating power 
and the intrinsic intensity once well understood, will 
ftirnish an explanation of the facts which we are about 
to relate. 

Several philosophers of the sixteenth and seven- 
teenth centuries, Maurolicus, Auzout, Huygens, endea- 
vored to measure the intensity of solar light ; but it 
is to Bouguer that we owe the first figures having 
some degree of precision which bear on this delicate 
point of photometry. He used a concave lens to 
make the solar rays diverge, and so to weaken these 
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r*yii to an extent which coald be easily calculated ; he 
than cotn|mrod the light tlius diminished with that ot 
a caudle placed at a given distance from a screen. 
ThtiM It waë, iu September 1725, Bougaer tbond that 
tUts Hun, when iV above the horizon, and with a dear 
^kyi lightcd up the screen as 11,664 candles would 
have done at a distance of 0*43 of a metre, that is, 
llkii 62,177 candles at the distance of one metre (3^ 
tMst KuhUmM), From the law which establishes that 
tU& Intomity is in inverse ratio to the square of the 
difitances, and taking into account the loss by atmo- 
•pijeric absorption, we arrive at this result, viz., that 
tlm Buu at the zenith and with a clear sky illuminates 
au object 75,200 times more than a candle placed at 
the diMtauco of 8^ feet from this object. 

In May and June 1799, Dr. WoUaston, by allow- 
ing a very thin ray of light to pass through an aperture 
iu a camera oscura, arrived at a result which differs 
very little from that obtained by Bouguer. On an 
average he found that 5563 candles,^ placed at the 
distance of one foot, or 59,882 candles at 3'28 feet, 
illuminated an object as much as the Sun. Suppos- 
ing the Sun at the zenith and the candles at 3*28 feet, 
the illuminating power of the former would be repre- 
sented by 68,000 candles. This figure is rather smaller 
than that of Bouguer. But neither of the methods 
employed are capable of furnishing very precise results, 
and the atmospheric conditions were doubtless not 
the same in both cases. 

* Arertge of twelve experiments of which the two extreme result» 
mt 7770 and 8966 cftndleB. 
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A Oarcel lamp which bums 42 grammes * (IJ oz. 
English) of pure oil per hour, gives as much light ae 
eight or nine stearic candles ; a fish-tailed gas-jet as 
much as seven or eight candles. We can, by means 
of these numbers and the results obtaiued by Boaguer 
and Wollaston, calculate easily how much the Sun's 
light surpasses that of either of these sources just 
named ; but now-a-days we are able to produce arti- 
ficial light, the intensity of which approaches much 
nearer to that of sunlight. For instance, in directing 
on to a piece of lime the fiame of a jet of mixed hy- 
drogen and oxygen gas, a very intense light is produced 
— it is that known as the Drummond lighty the oxy- 
hydrogen light or the lime-light. M. Edmond Bec- 
querel, by using an apparatus that consumed 3^ litres 
(about 6i pints) of gas per minute, estimated the 
quantity of light produced as equal to 160 or 180 
'candles. A magnesium wire only one-hundredtli of 
an inch in thickness gives, on burning in the air, the 
light of 74 candles, or of 110 candles if it is burnt in 
oxygen gas ; in the latter case its intrinsic brilliancy 
is equal to 500 times that of the candles. Lastly, the 
electric light obtained with a nitric acid battery, hav- 
ing from 50 to 100 couples, gives a quantity of light 
which M. Becquerel considers equal to from 400 to 
1000 candles. In the latter case, the light of the Sun 

* [The gramme is 15*438 grains Troy. The use of the French 
weights and measures of capacity has become very generally adopted 
in England in works on science, on account of their simplicity and the 
advantages of the decimal system o?er our old system. — P.] 

2 
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at the zenith, according to WoUaston's and Bougner'i 
resalts, would have an illaminating power snrpassiiig 
only 75 times that of the electric light at 3^ feet 
distance. 

With more powerful batteries a light is obtained 
which approaches still nearer to the luminous inten- 
sity of the Sun. Thus, MM. Fizeau and Foucault, on 
comparing the brilliancy of an electric light produced 
by three series of Bunsen's elements, each series being 
composed of 4(> couples, with the light furnished by 
the Sun on a clear day in the month of April, found 
that the illuminating power of the solar rays was not 
equal to much more than two and a half times that of 
the electric light. 

In all these determinations we are dealing only 
with the illuminating power of the Sun. Arago has 
estimated the intrinsic inteusity of its light in the 
following manner. He began by comparing with it 
the light of the atmosphere in the neighborhood of 
the Sun, and he found that all around the disc, at an 
angular distance from it about equal to its diameter, 
the atmospheric light was 511 times less intense than 
the light of the Sun itrfelf. Such being the case, when 
the flame of a candle is projected, not only on to the 
disc of the Sun, but also on that portion of the hea- 
vens which surrounds it within the limits mentioned, 
the flame disappears entirely to the eye of the observer, 
nothing is seen but the carbonised wick, the outline 
of which detaches itself in black upon the light back- 
1. Mow, Bouguer has shown that a light which 
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causes another light to disappear iu this way must be 
at least 64 times more intense than the latter. Tlie 
widespread atmosphere which surrounds the Sun pos- 
sesses therefore an intrinsic intensity of light equal to 
at least 64 times that of the candle-flame : so that the 
intensity of the solar light itself is 511 x 64, or 32,704 
times stronger than the light of a candle. We speak 
now of its intrinsic brilliancy and not of its illuminât 
ing power. 

Bnt this method of valuing the Sun's light, indi- 
cated by Arago in his ' Astronoraie Populaire,'* only 
gives an inferior result. According to M. E. Becquerel, 
the flame of a candle has a visible surface of about 
0*27 square inch ; a circle of this size would have to 
be placed at a distance, of about 6f feet, in order that 
its diameter may subtend an arc of 30', that is, in 
order to have the same apparent dimensions as the 
Sun. It results from tliis, that if we take for unity 
the intrinsic brilliancy of the light of a candle, that 
of solar light becomes, according to Bouguer, 186,400, 
and according to WoUaston, 179,130. 



Absorption of Sunlight by the Atmosphere ; it varies according to the 
height of the Sun above the Horizon. — Variation of Light accord- 
ing to the Seasons. 

In all the preceding comparisons we have spoken 
only of the solar light, such as it reaches the ground 

* He statef 15,000 instead of 32,704, which appears to be a typo- 
graphical error. 



after haying passed ihixHigli the layers of gaseous 
matter which constinite oar atiDosphere. These lay- 
ers are more or letss pane^ more or less charged with 
watery vapor and $olid particles suspended in the air, 
du^t, and germs of all descriptions. A certain frac- 
tion of the sunlight is absorbed during its passage 
through tl\is medium of Tariable composition, and 
this absorption is gi^ator the nearer the Sun is to the 
horiion. 

BougueTi who has studied this subject, estimates 
that this atniospheric absorption reduces the intensity 
of the light of the Sun to the following %ares, sup- 
posing 10,000 to represent the intensity if there were 
no atuiosphere to the Earth :— 



At tho Bonltb 8,123 

At 60* above the boiinm 7,624 

80 •• ** 6,618 

JiM ♦• *• 5,474 

10 •* ** 8,14» 

6 •• ** 1,201 

4 *» •• 802 

8 « «* 454 

a •♦ •• 192 

1 •• *• 47 

" ' 6 

By inspecting this table we see that at sunrise 
the light is 1854 times less intense than when the 
8un is at the zenith ; at Paris, on the day of the 
Summer solstice, about the 20th of June, the Sun 

■^uts as high as 64^ at noon : on that day its light 
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at noon is more than 1300 times as intense as at fonr 
o'clock in the morning, the hour at which its disc 
touches the horizon. 

We speak here only of the absorption of the light 
of the Sun by the air, and the table calculated by 
Bouguer expresses the proportions in which the gaseous 
envelope of our Earth diminishes the force of sunlight 
through a clear sky. But most frequently its inten- 
sity is still more diminished by masses of vapor, fogs, 
and clouds in suspension in the atmosphere. The 
light of the Sun is thus diffused before arriving at our 
eyes, which receive its impression after it has under- 
gone reflexion at the surface of clouds and terrestrial 
objects. 

Before sunrise and after sunset, when the luminous 
disc is not yet, or is no longer visible, its light illumi- 
nates directly the uppe*- regions of the atmosphere 
and comes to us by direct reflexion, and also by its 
refraction in the gaseous medium overhead. The 
duration ^f the day, or rather of daylight, is thus 
augmented by the twilight and the aurora. Finally, 
during the night even, we may be still lighted by 
sunbeams, for they are reflected from the surface of 
the Moon and the planets, and cause these orbs to 
shine upon the obscure background of the starry 
tirmaraent. 

iVom winter to summer the variations of the in- 
tensity of solar light may be very great on account 
of the changes in the purity or absorbing faculty of 
the atmosphere. But, speaking astronomically, at 
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the tÎTTiits of our atmoBpliere, it remains tho same, 
for a variation in the lîistance of a luminous source 
does not aifect its intrinsic brilliancy. That which 
does change with the distance is the apparent diame- 
ter of the orb, con sequent] y , the Icimiuoua surface and 
'the illuminating power. When we calculate the ratio 
of these Tarions elements, we tiod that if the lisjhtinj^ 
power of the solar disc is 1-000 at the mean distance 
of the Sun, that is, on the first of April and first of 
October, at its {greatest distance from the Eartli, or 
aphelion, on the firet of July, this power is redaced 
to 0*966, and in January, period oi'tlie perihelion, or 
at the Sun"s minimum distance from the Earth, the 
illuminating power becomes 1-033. Hut for these 
numbers to correspond to real variations in the in- 
tensity of daylight, we ranst suppose the Sun to be 
in each case at the same height above the liorizon, 
and seen in identical atmospheric conditions, which 
is very difficult to realise in such widelj' different 



The light of the Sun comp.ircd lo thai of the Si(i.ci sud of the Uooii— 
Difference of intensily between the light of the bonJore aud th&t of 
the centre of the sulur diso. 

The philosophers whose photometric experiments 
we alluded to above have also endeavored to com- 
pare the light of the Sud witli that of other cosmical 
Hourcea of luminosity, such as tlie Moon and the 
Stars. 

Huygens estimated the light of the Sun to be at 
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least equal to 765 million times that of Sinus (the 
Dog Star). According to Wollaston it is much greater 
than this even, he calculates it to be equal to twenty 
thousand millions of times the light of the said star, 
which is nevertheless, as every one knows, the most 
brilliant star in our sky. It results from this that to 
see the Sun reduced in splendor till its brilliancy 
would equal only that of Sinus, our planet must travel 
through space to a distance 140,000 times that which 
now separates us from the central orb of our system. 
On the other hand, if Sinus approached us and took 
the place occupied by the Sun, its light would be equi v- 
alent to that of ninety-four suns similar to our own ! 

Bouguer, on comparing the light of the Sun to 
that of the fiill Moon, drew, from a considerable 
number of observations, the conclusion that the il- 
luminating power of the Sun is equal to 300,000 
times that of the disc of our satellite. Curious to re- 
late, Wollaston, who agrees tolerably with Bouguer 
as to the comparative intensities of the sunlight and a 
candle's light, found that the illuminating power of 
the Sun is to that of the Moon as 801,072 is to 1. 
The difference between these two results is so enor- 
mous that we are unable to explain it: it is an 
experiment which should be made over again. 

However that may be, taking as unity the in ten- 
gity of solar radiation, and putting aside atmospheric 
absorption, we can calculate what the intensity of 
this radiation is on the surface of each of the planets. 
Intrinsically considered it remains the same ; but on 
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account of the variation in the apparent diameter of 
tJïC Sun, and consequently of the radiating surface of 
the ditKî, the quantity of light and heat which reaches 
each planet will be found to vary in inverse ratio to 
the squares of their distances from the common focus. 
From Mercury, the planet nearest to the Snn, to 
Neptune, the most distant, the h'ght of the Smi dimin- 
khes in the proportion of 7000 to 1, or thereabonts. 
To conclude what we have to say of the Snn con- 
sidered as a source of light, we have still to speak of 
the diiference of intensity which exists between the 
rarious regions of its surface. 

It appears certain, as Bonguer was the first to 
observe, that the surface of the Sun's disc is not 
uniformly luminous; the centre possesses a more in- 
tense light than the borders. According to this 
author the ratio of these intensities is as 48 is to 35. 
Nevertheless, Arago, on comparing by means of his 
polarisc/>pe the light of the edges of the Sun with that 
of the centre of the disc, could not detect a difference 
of-^ffth between their respective intensities. More 
recently Professor Secchi has made a great number of 
<5^)niparative measurements by means of a photometer 
mpplied with a revolving wheel, and he concludes 
'hat the light of the centre is as much more intense 
han that of the borders as 4 or 3 is to 1 ; and even 
n this case the light was taken at fifty seconds fi'om 
he edge ; on the edge of the disc itself he estimates 
he difference to be scarcelyigij^th. Whence arise such 
''vergences of results obtained bv observers equally 
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clever and learneJî Really we cannot telL Sir 
Jolin Herschel, in the sixth edition of his ' Oatlines 
of Astronomy,' positively asserts, that when the en- 
tire disc of the Sun is seen through a telescope of 
moderate power, armed with a dark glass in order 
that we may examine it easily, it becomes evident 
that the borders of the disc are much less luminous 
than the centre. We can assure ourselves that this 
is not an illusion, by projecting the image of the Sun 
moderately magnified and not darkened, so that it 
shall form a circle about four inches in diameter 
upon a sheet of white paper. A photographic proof 
of the Sun, taken on the 7th August, 1863, which 
we bave now before us, shows a very marked difi'er- 
ence between the intensity of the light at the edges 
and at the centre. But this may be due more espe- 
cially to a difference in the chemical activity of the 
rays. We shall see presently of what importance are 
the facts we are now discussing with regard to the 
physical constitution of the Sun. 



g 2. Thx Heat of thx Sun. 

Tbo temperature of our globe is due to three sources of heat : that 
of interplanetary space, internal heat, and solar beat. 

Three principal sources of heat combine to im- 
part to our earth the temperature which it possesses ; 
these are, in the first place, the internal or proper 
heat of the mass of the globe itself; in the next, the 

heat communicated to us by interplanetary space 
8 



84 

througb the T«rioa$ régions of which the earth passes 
successively ; lastlj^ the heal which we receive from 
tlie Sun* 

A given point of celestial space is incessantly 
traversed by rays of heat emanating from the most 
distant orbâ> stars^^ snns^ dark bodies which rotate 
around them — in a word* from every particle of mat- 
ter conglomerated or disseminated in the heaven& 
This continual radiation gives rise to a certain degree 
of temperature, which may vary, however, from one 
point of tlio universe to another, but will remain 
almost the same in the interior of our planetary 
world) the dimensions of this world being extremely 
•mall in comparison to the distances of the radiating 
sources.* 

Fourier was the first to recognise the existence 
and to estimate the extent of this fundamental heat 
of space. lie has shown that if the globe, besides 
its internal heat, of which we shall say two words 
presently, only i^oceived heat from the Sun, — that is^ 

* This signifies that the temperature of that portion of space 
oircumsoribcd by the orbit of Neptune, the most distant planet from 
the Sun, Is uniform or constantly the same, if we put aside the heat 
radiated by the Sun and the other planets. But as the Sun and the 
whole planetary system are trayelling through space in a certidn 
direction, this motion may lead the Earth and its companions through 
regions of space haying temperatures which arc not all alike, and may 
Tary in a giren number of years or of centuries. — [Some philosophers 
imagine that our planetary system has for the last few years been tra* 
▼ersing a comparatively warm region of space, causing us to experience 
~v hot summers and mild winters and other meteorological pheno- 

i.--p., 
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if interplanetary space was entirely devoid of heat — 
the loss of heat dorhig the night and during the win- 
ter season would be so great, that no living being 
could resist the abrupt variations which would inevi- 
tably occur in the temperature of any given locality. 
The temperature of space is nevertheless very much 
lower than that of the coldest polar regions ; Fourier 
stated it to be 60° below zero centigrade, and accord- 
ing to Pouillet it is even lower than this ; he esti- 
mates that it cannot be greater than — 142°. How- 
ever low it may be, the temperature of celestial space 
is a physical cause ever in operation, wliich moderates 
temperatm*es at the surface of the globe, and gives 
to our planet a fundamental heat, independent of 
that derived from the Sun, and of that which the in- 
terior mass of the globe has preserved. 

The increase of temperature which is observed to 
occur in the crust of the earth as we descend towards 
the centre, furnishes an incontestable proof of the 
existence of a proper heat belonging to the mass of 
the globe itself. Fourier has proved that the action 
of the solar rays alone is not sufficient to account for 
this gradual increase of temperature, for, admitting 
that this action has continued for a lapse of centuries 
sufficient to bring the heating to its maximmn, we 
should find, at a certain depth, an uniform tempera- 
ture ; and if, on the contrary, this maximum has not 
vet been reached, the temperature of the crust should 
decrease with the depth. In both these cases the 
results of the hypothesis would be contrary to actual 
observation. 



Tlie îatemaL heat of tfu ^be m Frapagutod bj 
Cfiftiàxic£icKL &OÏXL die (stuiLDfr tQ tîtfi^ (foxmbt 1 1 mi^ and 
eTéii to die sirâKe of die aoil wiioafr tKmperBftioe, 
aeerjrding to caleolatiaiu esnnot be raiaed. bjr it moro 
than ^iftb ei a dRsrce owifeigra dg : ijiis amuMnt wouM 
pevcithgiïe» be SEdScsoit. in die ciMnae q( m eentmy , 
aeeording to FocErier^ to nudt a lajer of ice 3|- jaids 
thïct 

B J this radiatioa of frrtymal beat die fc*Mi^^rtii tl 
globe is coD^aiKdj becoming colder; but theloeB of 
be^ if Gompensated fiir by solar radiatioD, -wbich 
eoDèiitateè tbe third and principal source of terrestrial 
beat, and fora» the principal subject of this chapter. 



fntgoàtj offert beat si the sor&ce of the terresirial gjobe. Its ab- 
iorpckm b J tbe watery Taper oT tbe atmosphere. 

To appredate rightly what this powerftd source of 

h^t Î* >n iteelf, we must endeavor to point out, among 

ii# very variable eflfects observed at the surface of the 

Oftfth tho»o which are constant. We see these effects 

vary from hour to hour during the day, change from 

(IttV to day and from season to season. Observation 

tnwîlioH m also that there exists a great difference of 

tcîttiporattjro in the various regions of the globe, ac- 

«ordlng to their latitude; so much so, that we can 

«n»<lly dli^tingiUHh throe kinds of zones or climates, 

i\\^ tnntpnmin «one, the tropical zone, and the glacial 

' l)olar Rono; for solar heat is distributed to them 

i y©ry unoqual manner in the course of a year. 



THE HEAT OF THE 8TIN. 37 

What are. the causes of these variations and these 
difierences ? The most remarkable and the most con- 
stant are the movements of the Earth. Our planet, 
in turning on its axis whilst it circulates round the 
Sun, presents alternately to the latter different por- 
tions of its surface. This double motion produces 
day and night, the seasons, and the year ; and as the 
axis of the £arth always remains parallel to itself, it 
results that the duration of the Sun above each 
horizon, and its height, greater or less according to the 
hour of the day and the period of the year, are 
variable, and these variations are precisely the causes 
of the various temperatures which constitute the 
different climates. Moreover, the Earth is not always 
at the same distance from the Sun ; solar heat has, 
therefore, from this cii'cumstance alone, a variable 
intensity. 

Finally, the Earth's atmosphere through which the 
rays of heat pass before they are felt by us, is more 
or less pure, more or less charged with vapor : it 
therefore absorbs a variable amount of these rays. 

It is easy to see how indispensable it was to take 
all these facts into consideration, and to determine 
their value by calculation and observation, before 
drawing any conclusion as to the intrinsic intensity 
of solar heat. De Saussure and Sir John Herschel 
were the first to attempt this intricate problem, oi 
which Pouillet in 1838 gave a more complete solution. 
The paper published by this learned philosopher had 
for its object the following questions, which we give 




ttf (t ^î»Wp firri*!, fi^i^rTi & wiren sartace ; the pioportioB 
fliii» ti/'Sf. wfil';h !» ahwirbed, dario" its vertical 
rii, iff MrO M.rnrHt(>h(:rc ; the law of this absorpticr 
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at various angles ; the total quantity of heat which 
the Earth receives from the Sun in the course of a 
'year; the total quantity of heat which is emitted 
every instant by the entire surface of the Sun ; the 
elements required to ascertain whether the mass of 
the Sun is cooling gradually from century to century, 
or whether there exists a cause destined to reproduce 
the heat which is constantly emitted by radiation ; 
the elements which will permit us to determine its 
temperature .... the temperature which we should 
observe everywhere on the surface of the globe if the 
action of the Sun were not felt ; the increase of tem- 
perature due to solar heat ; the relative quantities ot 
heat which the Earth receives from the Sun and from 
space, that is, from all the other celestial bodies.' 

Fig. 1 represents one of the instruments which 
Pouillet used to measure the intensity of solar heat, 
and to which he has given the name of pyrheliometer. 
We quote from our work entitled ' Les Phénomènes 
de la Physique,' the following concise description of 
it, and mode of experimenting with it : — 

* At the upper part is seen a very thin cylindrical 
vessel of silver, the surface of which, turned towards 
the Sun, is covered with lamp-black. This vessel is 
filled with water, and the temperature of the liquid 
is given by a thermometer, the bulb of which pene- 
trates into the interior of the cylinder, whilst its stem 
is protected by a brass tube having a longitudinal 
slit, which permits us to read the height of the 
mercury. At the other extremity of the tube, a disc 



«0 

hATiBg tiie aann^ Kliiiirn as the cyUndiical vessel, 
reoiHT^ft Um $hftdk>w of die laitar, mnd assures us that 
the btactkened soiâiee k exposed normally to the 
direoUon of thi^ isoîar imys: thai is the case when the 
low«r dttw » «NDMdr coTored bj the ciiciilar shadow 
of th« upper dkc^ 

^ We comm«Mi» bj taking die tonperature of the 
inatrument; its blaKÀ»ied snriàee is then exposed 
toward» a portion of the skx withoat donds, bat so 
that it oannot rw^re anr solar rays. In the course 
of fire minutes the ladiatioii of the instrument causes 
a certain fidl of temperature. On then directing the 
instrument towards the Sun. the blackened disc re- 
oeiTes^ for the space of fire other minutes, the solar 
heat of the rays whidi fall perpendicularly upon the 
disc The temperature is again observed on the ther- 
mometer« Finally^ the instrument is allowed to ra- 
diate towards space for five more minutes in its first 
position, and the final cooling is noted. The first 
and third of these observations are necessary to de- 
termine the quantity of heat lost by the radiation of 
the instrument to space during the time that it is 
exposed to the Sun ; this quantity is the mean of the 
two durées of cooling observed. In adding this mean 
to the d^ree of heat produced by exposure to the 
direct rays of the Sun we obtain the total increase of 
temperature ; and firom this we can calculate the num- 
ber of calories* absorbed in one minute by any sur- 
tàce equal to that of the blackened disc^ 

* A calorie is the quantity of lieat reqainid to raise the temperatiuf 
of 1 kilogramme of water 1* centigrade. 
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The rise of température indicated by the pyrheho- 
meter depends first upon a constant quantity of lieat, 
which Pouillet has named the Solar constant^ because 
it expresses the constant heating power of the Sun. 
It depends next upon another quantity^ that he called 
the atmospheric constant^ which is only uniform for 
Ihe day of observation, and varies from one day to 
another, according to the clearness of the sky, and 
according as the atmosphere absorbs more or less of 
the incident solar rays. Lastly, it depends principally 
upon the thickness or extent of atmosphere which the 
solar rays have to traverse : or, in other words, npon 
the height of the Sun above the horizon. 

Fig. 2 shows plainly how much this thickness 
varies with the height of the Sun, not to speak of 
refraction which causes the rays to travel over a still 
longer route. 




^g. 2.— VarioiiB extents of atmosphere through "whlob the solar rays pass, when 
the Sun is at various lieights above the horizon. 

Now, here are some of the results which M. Pouillet 
las deduced from a great number of observations. 
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It' our atmosphere could transmit the whole oi tt>£ 
Bolar heat without absorbing any of it, which is equi- 
valent to exposing the instrument at the limits of | 
the ntmoapliere where it would receive the whole ot 
the heat which the Sun radiates to our globe, every ' 
Bqnaro metre (,1-11)6 square yard) of soil upon which 
the rays fall vertically, would receive, per minute, 
17,633 calories, or heat-units. 

But the absorption exerted by the atmosphere 
diniiuisbe^ this quantity With a perfectly pure sky 
and when the rays ot beat pass vertically through the 
air (that is, when the Sun is at the zenith), this 
absorption is fi-om 18 to 25 
hundredths. It increases, 
of course, the more oblique 
the rays are. If we con- 
sider the total amount of 
heat that falls upon the 
^hole of the hemisphere 
w hicli IS lighted and warmed 
at tlie same time by the Son 
(fig 3), it is evident that 
the Eolnr rays reach the sur- 
face ot the Earth at every 
pwsible angle. They are 
\ertical at A, where the Sun 
!■> at the zenith ; horizontal 
at the points B and C, for 
instance, where it is at the horizon, more or less oblique 
tlie intermediate points such aa D. Thns, even if 
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we suppose the atmosphere to be perfectly serene, near- 
ly half the solar heat is absorbed. The portion of 
it which really reaches the soil is scarcely more than 
5-lOths or 6-lOths of the whole. 

As the Sun, according to what we have just said, 
transmits in one minute to every square metre (1*196 
square yard) of ground that its rays strike vertically, 
a quantity of heat equal to 17,633 calories, it is easy 
to calculate the entire quantity of heat which our 
globe and its atmosphere receive from the Sun in one 
year; it is that quantity which is received upon a 
surface equal in extent to one of the great circles of 
the Earth. We find this quantity to be about twelve 
hundred quintillions of calories, expressed arithmeti- 
cally by the figure 1,210,000,000,000,000,000,000. 

This quantity of heat is so great that we can form 
no idea of it. Pouillet used to talk of it thus : — ' If 
the total quantity of heat which the Earth receives 
from the Sun in the course of one year were uniformly 
spread over all the surface of the globe, and if it were 
employed, without any loss, in the operation of melt- 
ing ice, it would be capable of melting a layer of ice 
enveloping the whole globe and of a thickness of 
nearly 31 metres (33J yards). This is the simplest 
way of expressing the total quantity of heat which the 
Earth receives every year fi*ora the Sun.' 

The absorption of solar heat by the atmosphere 
evidently depends upon the thickness of the atmo- 
spheric layer which the rays pass through ; but for 
equal heights of the Sun above the horizon (that is, 
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for "^^nal rhicknesaea or air passed tfazongir), tbe 
absorption rariea in the ^aine iocaiiiy .-iccordiiig to 
th4> seaflOTi. }Tow ic liaa been, round that it ia not tiie 
air itftelf «that ia, the mixture ot oxygen gaa iwirl 
nitrotfçen ^çaR), which absorba the most heat. The 
watery rapor or àteam. preaeit in the atmosphexe in 
very variable proportions^ has an afasorfaing power st 
leasl; seventy times more conaideiTible than pnze drr 
air. Thift explains the tact ofas^red by^ FrofeaBor 
^^(^^^hî, namely, that solar radiation is lesa intenselj 
felt in Snmmer than in Winter when the San ia at 
the f^ame height : in Snmmer die quantity of vapor 
contained in the air is mnch greater tiian in Wmter. 
It riF^nlt^) from aome experiments made at drfew»nt 
altihidea hy the late Proteasor Forbes^ by die Gennan 
meteorologist Kaemtz, and afterwards again by 3L 
Martins, of Montpellier, that the rntenâty of solar 
radiation ia much greater on the monntains dian in 
the valleys. The reason ia, in the first place, because 
tb^ layer of atmosphere which the rays pass throng 
H^ l^fls extensive * at^d next, because the air above the 
mountains is much dryer, much less charged with 
vapor ^ than the air of the plains. Nevertheless, we 
terf it crJder the higl^^ ^^ ascend, so that there is an 
•parent eontradiction here, which is not diflBcult to 
tiity\ti\n. The objects which receive directly the in- 
iSntmo.^ (A the ftolar rays get heated, whilst the air 
al;HOrWng (mly a small quantity of heat remains cold. 
< Meter,' says Professor Tyndall, ' did I suffer so much 
1 «Olat iieat as when descending from die corridor 
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to the grand plateau of Mont Slanc, on the 13th 
August, 1857; whilst I sunk up to the waist in the 
snow, the Sun darted its rays upon me with intolera 
ble fierceness. On entering into the shade of the 
Dôme du Oœité these impressions instantly changed, 
for the air was as cold as ice. It was not really much 
colder than the air traversed by the solar rays^ and I 
sulFered, not from contact with warm air, but from 
the stroke of the Sun's rays, which reached me after 
passing through a medium as cold as ice." 

Vapor of water arrests a greater proportion of 
solar rays than the air in which this vapor is dissemi- 
nated; but these rays are composed, as we all know, 
of two different species of radiation, — luminous radia- 
tions and obscure radiations ; and these two kinds of 
radiations undergo very unequal absorptions. The 
first pass almost entirely through the air and reach 
the surface of the ground ; the ojbhers, on the contrary, 
arc mostly absorbed. Therefore, though the atmo- 
sphere prevents a large portion of the solar heat from 
reaching the surface of the globe, it possesses the 
faculty of compensating for this by retaining that 
which warms it. Without the presence of this atmo- 
sphere and the vapor it contains, the radiation of heat 
from the surface of the soil towards celestial space 
would meet with no obstacle, and the loss of heat 
would be something enormous : this is, in fact, what 
happens to a certain extent on high mountains. Soon 
after sunset a rapid cooling would succeed to the 
intense heat of the direct rays of the Sun ; in a word, 
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we should have between tlie maximum and minirnum 
temperature of tlie day, or tLo month, an enormona 
difference. This is what ia observed on the high 
plains of Thibet, and accounts for the rigor of the 
winters and the fall of the isothermal lines in these 
regions.* Professor Tjndall has remarked that 'the 
BUppression, during one summer night, of the watery 
vapor contained in the atmosphere which covers Eng- 
land, would have for effect the destruction of all plants 
that are killed by I'rost. In the desert of Sahara, 
where " the soil ia fire and the wind flame," the cold- 
ness of the nights is often very painful to bear. Even 
in that hot climate ice can he formed during the night.' 



Intrinsic Intensity of the Shd's Ileat — Solnr ITeat would melt eyetj 
da; a layer of ice IT kilometrES (lOi milei;) tliii^k, cnTdoping the 
Sua.— Heal of Space tompared with the Heat of the Sun. 

Eut let U3 return to the heat of the Sun. Let UB 
estimate its intrinsic intensity. Wo must first observe 
that the means employed by physicists to measure the 
intensity of the calorific radiation of the Sun at the 
BQriace of the earth only yield approximative results. 

' [Aa ronsh surfaces ntd a c mo e ban smooth surrace*, n Tarest 
district on (lie mouD'mn a s n g mes c y remark^iblc in ihis respect. 
In m« mliiemtagical eip d dus aman he noudy bills of WnldKck, 
in Ocrmany, 1 bave otteo b n su p ascd by the rapid cooling of the air 
bnmedlal«1y after sunset. AI ■ ho Ju , day, when a simple bloiat 
waa almost intolerable, no sooner hud the Sun disappeired below the 
horizon, than a greal-coat was foond to bo an exceedingly pleasant ar- 
ticle of clothing. — P.] 
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The pjrheliometer of Poaillet yields a minimui 
result, because a portion of the lieat is evidently ab- 
sorbed : the figures given above as the consequencea 
of his experinienta are, therefore, rather below the 
troth. By adopting them provisinnallj we can cal- 
culate the quantity of heat which the Sun gives, not 
only to the Eartli, but to the entire heavens ; that 
which the solar globe, in fact, radiates all around itself, 
tromeverypoint, anil distributes to the whole universe. 
When the Sun is at its mean distance from the 
Earth, the quantity of heat which it distributes per 
minute to 1 square metro (1-196 square yard) is, as 
we have seen, 17,633 calories. It is evident that the 
same quantity is received by every square metre 
composing the surface of a sphere having the Sun for 
its centre and the distance ft-om the Sun to the Earth, 
for its radius. We find for the entire sphere (that is, 
for the radiation which it receives from the Sun in 
one minute), a number of calories equal to i,847, fol- 
lowed by 25 ciphers. We may as well remark that 
the surface of this sphere equals 2,150,000,000 times 
the surface limited by a great circle of the Earth. It 
is, therefore, by the latter figure that we must multi- 
ply that which we found above for a terrestrial hetni- 
Bphere, if we wish to obtain the total quantity of heat 
radiated by the Sun in tiie course of one year. Let 
us represent these terrible figures in another way, and 
wy 'with Pouillet: — 

' If the total quantity of heat emitted by the Son 
! exclusively employed to melt a lajer of iofl. 
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closely BurroimdiQg the solar globe, that quantity of 
heat would be snfficient to melt in one minute a layer 
11*8 metres (12*S62 yards), and in one day a layer 
17 kilometres (10^ miles) thick.' This same quantity 
of heat, according to Prof. Tyndall, * would boil in one 
hour 2,900 thousand millions of cubic kilometres of 
water at the temperature of ice. Expressed in an- 
otlier way, the heat emitted by the Sun in one hour 
is equal to that which would be produced by the 
combustion of a seam of coal 27 kilometres (16'65 
miles) thick.' 

Sir John Herschel, again, has made the following 
ingenious comparison, which shows, in a very original 
manner, the prodigious activity of this immense focos 
of heat, of which the Earth absorbs at most a portion 
equal to l-2,150,000,000th. *Let us imagine,' says 
he, ' a cylindrical pillar of ice, 45 miles in diameter, 
to be continually darted into the Sun, and that the 
water produced by its fusion is continually carried 
olf. In order that the heat given off constantly by 
radiation should be wholly expended in its liquefac- 
tion, it would be nec'essary to plunge the cylinder of 
ice into the Sun with the velocity of light, or, in 
other words, tho heat of the Sun can, without dimin- 
ishing its intensity, melt in a second of time a pillar 
of 1,690 squiire miles at its base, and 194,626 miles 
in height.' 

It is necessary to observe that the determination 
of the intensity of solar heat-radiation reposes upon 
no hypothesis. ' It is,' as Pouillet remarks, * indo- 
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pendent of the real nature of the Sun, oi* the niattei 
which composes it, of its radiating power, of it& 
temperature, and of its specific heat ; it is simply the 
immediate consequence of the best-established prin- 
ciples regarding radiating heat, and the figure arrived 
at in our experiment.' * 

We intimated at the commencement of this chap- 
ter that Pouillet had determined, approximately, the 
temperature of interplanetary space, and found it to 
be about 142° below freezing point. Now, it results 
from the researches of the same acute observer upon 
the quantity of heat which celestial space communi- 
cates to the Earth and its atmospliere, in the c^ : 
of a year, that this heat would be able to melt a layer of 
ice 26 metres (27^- yards) thick enveloping our globe. 

Thus, on the one hand, the heat of the Sun would 
melt a layer 31 metres (33|- yards) ; and, on the other, 
the heat derived from space would melt another layer 
of 36 metres {27^ yards). The latter is, then, equal 



* This figare alone will be, probably, modified when the same ex- 
perimento shall have been repeated several times in localities which differ 
by their geographical position, their altitudes, and their climates, so that 
all causes of local perturbation shall have been eliminated. Moreover, 
we shall have to take into account the diffusive power of lamp-black, 
which Pouillet has neglected to do, because, when he made his ex peri- 
meats, observers considered the absorbing power of lamp-black to be ab- 
solute. In any case, the figures which express the measurement of solar 
radiation, given in the text, must be rather below reality than above it 
fVofessor Quetelet and M. Althaus, who have repeated the experiments 
of Sir John Herschel and M. Pouillet, have arrived at numbers whioji 
ire doable and treble those we have given above. 

4 
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to about 5-6th6 of the first ; which result cannot ùiï 
to appear paradoxical. But when we reflect that the 
disc of the Sun seen from the Earth only occupies the 
l-200,000th of the celestial vault, that the radiating 
surface of the central orb, compared with that of the 
celestial space which surrounds the Earth, is 200,000 
times less, we are no longer surprised to find that a 
medium so cold as space can produce a calorific effect 
on our globe nearly equal to that which the Sun itself 
produces. 

Sol*' Heat : its Mechanical Effect on the SnrÊuse of the Earth. 

One of the greatest discoveries of modem science 
is, without doubt, that which establishes the correla- 
tion of mechanical work and heat, or the possibility 
of converting these two equivalent elements one into 
the other. The quantity of heat which is called a 
calorie is, as every one knows, the amount required to 
raise 1 kilogramme (2-20 lbs. avoirdupois) of water 
1^ centigrade; on the other hand, mechanicians have 
called kUogrammetre* the work done in raising 1 kilo- 
gramme to the height of 1 metre in 1 second of time. 
The problem solved consisted in determining how 
many kilograinmetres can be produced by 1 calorie 
entirely transformed into mechanical work; or, in- 
versely, how much heat is produced at the expense 
of a given number of kilogrammetres. We know, at 

* A tonn now adopted in England and other coantries, as wéQ «é iv 
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the present day, that 1 calorie is equivalent to about 
i25 kilogrammetres ; and this number is called the 
mechanical equivalent of heat.* 

"We have seen what the heating power of the Sun 
is when expressed by calories or heat-units. We have 
seen what weight of water this quantity of heat 
would cause to boil ; what a layer of ice it would melt 
at the surface of the Sun in the short space of one day ; 
what a layer of ice would be melted at the surface of 
the Earth by that portion of solar heat which falls, in 
the space of a year, upon the globe. Now we are 
enabled to state what is the mechanical power of this 
immense source of heat ; we can estimate the amount 
of force that all this heat incessantly supplied to us 
could generate at the surface of our globe if it was 
entirely converted into work. 

In one year every square metre (1"19 square yard) 
on the surface of the Earth receives 2,318,157 calo- 
ries ; that is more than 23 thousand million calories 
per hectare (247 acres), or 9,852,200,000,000 kilogram- 
metres. Thus we see that the calorific radiations of 

• The names of the modern experimentalists who hare strivcd to 
solve this important problem are Rumfort, Mayer, Joule, Thomson, 
Helmholtz, nirn, Clausius, Regnault, and several others. But Mayer 
was incontestably the first to give a decisive answer to the question, 
[In England the unit of heat, or calorie, is sometimes stated to be the 
quantity required to raise 1 lb. of water from 60*' to 61" Fahr., the 
equivalent of which in work is 722 foot-pounds ; i. e. it will raise 772 
lbs. to the height of 1 foot. But several of the most distinguished 
English and German writers have adopted the French expressions 
irbicb will, doubtless, soon become universal — P.] 
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the Sust, in &I!mg npoii s saperficies of about 3)- acres, 
develope, imder a thousand different forms, forces 
which an? equiv^enî îo the contmnous work of eteamr 
engines of 4103 Lôi^e-power. For the entire surface 
of the globe this sum ot work is represented by 510 sex- 
tillions of kilogrammeties, or by 217,316,000,000,000 
horso-powersw 543 thousand millions of engines, each 
of 400 horse-power, working day and night without 
intermission, — such is the representation of the effect 
produced upon our planet alone by the solar rays. 

A portion of this force is employed to warm the 
crust of the Earth to a certain depth ; but, as the soil 
and the atmosphere radiate heat to space, and as the 
terrestrial globe appears neither to lose nor gain as 
regards its mean temperature, at least for a very long 
period of years, all this portion of the solar radiation 
may be considered as maintaining equilibrium of tem- 
perature upon the globe. 

Another portion transforms itself into molecular 
motion, into chemical action, which constitutes the 
source of vegetable and animal life. The heat which 
appears proper to these beings (animal heat, the heat 
of plants) is nothing more than an emanation of that 
of the Sun. ' Thus it is,' as Professor Tyndall has 
said, ^ that we are not only in a poetical sense, but in 
a purely mechanical sense, the children of the Sun.' 
A little further on we shall have something more to 
say of solar action from this interesting point of view. 
Lastly, the calorific radiations of the Sun produce 
St of the phenomena of motion visible to the naked 
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eye, of whîcli the soil, the air, and the waters of the 
Earth, are constantly the theatre. This is easj to 
render evident. 

To what cause, indeed, can we assign the aerial 
currents, those regular and irregular movements which 
we observe in the gaseous matter of the atmosphere ? 
Evidently to solar heat, that only slightly warms the 
layers of our atmosphere, but which darts upon the 
soil of the tropical regions and raises them to a higher 
temperature than other latitudes. The lowest layers 
of air in contact with the soil are thus heated and 
dilated, the rarefied air thus produced ascends and 
flows to the north and to the south towards the higher 
latitudes, whilst it is replaced by masses of colder air 
supplied by the temperate and polar regions. Thus 
are formed those regular currents of air knovm as 
trade-winds, the directions of which are, however, 
modified by the rotation of the Earth. 

Two aerial rivers flow incessantly in each hemi- 
gpliere from the equator towards the poles : the higher 
one flowing towards the north-east in the northern 
hemisphere, and towards the south-east in the southern 
hemisphere ; the other, or lower current, taking pre- 
cisely the contrary direction, and forming a stream 
from the north-east or south-east. ' Thus are produced 
the great vnnds of our atmosphere, which are mate- 
rially modified, however, by the irregular distribution 
of earth and water. Winds of minor importance are 
produced by the local action of heat, cold, or evapo- 
ration. There are winds, formed by the heated air in 
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the valleys of the Alps, wliicli rush with destructive 
violence throufçh the gorges of the mountains. There 
are agreeable puflfs of breezes which descend from the 
glaciers on the heights. There are land-breezes and 
Hoa-breozos owing to variations of temperature upon the 
codHt during the day and during the night. In the morn- 
ing the heat of the Sun upon the soil causes a vertical 
aacension of air which the cooler air of the sea comes 
in to rejJace. In the evening the soil is sooner cooled 
by radiation than the water of the sea, and the cir- 
cumstances are reversed : it is then the cooler and 
heavier air of the coast that ilows towards the sea.* 
(Tyndidl.) 

The winds, therefore, have, all of them, for com- 
mon origin the heat of the Sun exerting itself un- 
equally upon the various regions of the Earth's sur- 
face, according to the position of our planet ; this 
])()Hition, wo know, varies unceasingly with the hour of 
th<î day and the period of the year. The rotation and 
trauHhititm of the Earth co-operate, then, with the ra- 
diation of heat by the Sun, to produce these currents 
of air in the atmosphere. A portion of the mechanical 
power of the ethereal emanations of the Sun is thus 
expended in producing visible motion. 

But this is not all. The alternate heating and 
cooling of the soil and of the atmosphere produces at 
one moment evaporation from the waters of seas, rivers, 
and lakes; and at another, a condensation of the 
watery vapor contained in the air. When the vesicles 
hich constitute clouds are cooled, they unite to form 
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drops, which fall by their own weight to the ground 
in the form of rain. If the cooling is more intense, 
they congeal to form snow, which accumulates itself 
principally on the mountain-tops ; in these higher re- 
gions snow is transformed into glaciers. The heat of 
the Sun melts again the congealed water of the fields 
of snow and ice, springs arise, and streams flow down 
the mountain side by the action of gravitation, and, 
uniting with the rain-water, form brooks and rivers. 
Water returns thus to the ocean, from whence the heat 
of the Sun had caused it to rise. 

We see, then, that the circulation of water like 
that of air — those incessant motions so indispensable 
to the maintenance of life on the globe — acquires the 
mechanical force which gives rise to it, partly from the 
mechanical power of the Sun and partly from gravita- 
tion at the Earth's surface. 

Other liquid currents, those which furrow the seas 
from the equator to the poles, are produced in the 
same manner ; unequal temperatures give rise to un- 
equal dilatations, to ascending and descending currents 
in the waters; evaporation produces a reverse effect 
by increasing the saltness of the sea where the solar 
heat causes this evaporation to be most considerable, 
that is, in the regions of the equatorial zone : hence 
arises a difference in the specific gravity of the waters 
and motion (or currents) which is the consequence of 
it. 

The quantity of motion thus unceasingly produced 
by solar heat upon the surface of our globe is immense 
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éléments, chloriae and metaUic silver. Chloride of 
silver is not, however, the onlj chemical compound 
which solar light has the property of reducing ; nitrate 
of silver, chloride of gold, and in general the chlorides, 
bromides, and iodides of metals not easily oxydisable, 
such as gold, mercury, silver, and platinum, are simi- 
larly aJSected. Under the continuons action of the 
Sun's rays, nitric acid, which, as every one knows, is 
quite colorless, becomes yellow, whilst it loses some 
oxygen and evolves reddish vapors ; the same reducing 
action occurs with a great number of other oxydised 
compounds placed in the same circumstances. 

An experiment which is well known to all who 
have studied chemistry illustrates wonderfully this 
peculiar action of the Sun's light. We know that 
chlorine has a great affinity for hydrogen ; a mixture 
of equal volume of these two gases produces hydro- 
chloric acid. When a lighted taper is plunged into 
the vessel that contains such a mixture, a loud deto- 
nation accompanies the combination of the two gases. 
But light can produce the same effect as the heat of 
the taper, and if the glass vessel containing the mixed 
gases be thrown into the air, in a place where the sun 
shines, a violent explosion ensues, and breaks the ves- 
sel into a thousand pieces before it reaches the ground. 
The light of the Snn is, therefore, capable of producing 
combination as well as decomposition. The latter 
example is not the only one of its kind ; bromine acts 
like chlorine in contact with certain compounds of 
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hydrogen ; gum guaiacum is oxydised in the Sun's rays 
uud its color changed from white to a dark bine. 

Every one is aware how linen is bleached by 
spreading it over the damp grass, so as to expose it 
to the light of the Sun : this is another case of oxyda- 
tion of organic compounds by the inflnence of the 
solar rays. 

The production of the picture in the daguerreotype 
process and photography, — an art which has of late 
years been so immensely developed, — is based npon 
the eifects of the solar rays upon certain substances 
which are very sensitive to their action. Moreover, 
a totally new branch of science called * photo-che- 
mistry,' has arisen from the researches made upon 
the chemical action of various sources of light, among 
which solar light is by far the most important. 



AnalyBia of the Solar Rays. — Luminous, Colorific, and Chemical In- 
tOQsity of the Yurious parts of the Spectrum. 

Every one knows, now-a-days, that the white light 
of the Sun is composed of a considerable number of 
tinted rays, among which seven principal colors can 
be easily distinguished, viz., red, orange, yellow, green, 
blue, indigo, and violet. The pencil or beam of white 
light that passes through a prism is transformed during 
its passage through this retracting medium into an 
elongated image showing the above-mentioned colors 
and known as a spectrum. This is the phenomenon 

•d the dispersion of colored rays, and is described 
1 elementarv works on phvsics. 
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The investigation of the spectra produced by dif- 
ferent sources of light has, of late years, revealed a 
great number of most important phenomena, but here 
-we must content ourselves with those which concern 
more particularly the Sun's light, and we must espe- 
cially learn to distinguish, in its spectrum, rays which 
are characterised respectively by their calorific^ luminr 
ouSy or chemical effects. 

When a beam of solar rays falls upon a given 
point before being decomposed by a prism, all these 
tliree kinds of effects are united, and the spot of light 
will produce heat, chemical and luminous effects, for 
the different waves of light are mixed up and act to- 
gether. But when the same beam is caused to spread 
itself out and form a spectrum, that is, a long ribbon 
in which the rays are arranged one below the other in 
the order of their refrangibility, in whicli the different 
waves of light are separated according to their re- 
spective sizes, or, in other terms, according to the 
velocity of vibration which characterises each of them, 
we can study them from the three points of view 
]ust mentioned. 

As early as the year 1800 William Herschel re- 
cnarked that the various parts of the solar spectrum 
possess very different heating powers. He found that 
this property increased very notably by passing a ther- 
mometer from the violet to the red extremity of the 
spectrum ; even beyond or above the red the tempera- 
ture was found to rise, and only diminished at a 
certain distance from the visible extremity. It is not, 
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thcD, the luminous rays which are the hottest, ancl 
among the solar rays there exist some which, though 
incapable of acting upon our eyes to produce the sen- 
sation of light, nevertheless produce heat; beyond the 
visible portion of the spectrum there exists an invisible 
or dark portion situated above the red where the maxi 
mum of calorific action is found. 

In 1781 when Scheele discovered the reducing 
action of sunlight upon chloride of silver, he found 
that this compound was blackened more especially at 
the extreme violet end of the spectrum. Dr. Wo! 
laston went a little further still. He found underneath 
the violet an invisible region of the spectrum acting 
chemically upon certain substances, reducing them or 
oxydising them, which occupied a space equal to at 
least that which separates the violet from the red. 
M. Edmond Becquerel investigated these ultra-violet 
rays, and found that this portion of the spectrum, like 
the colored portion, is traversed by a number of dark 
lines indicating points where certain rays are absorb- 
ed.* 

* [Our readers will, perhaps, inquire how it is possible to detect 
these dark lines in a portion of the so^ar spectrum which is invisible to the 
eye. We may, therefore, state here, that this invisible portion below 
the violet can be rendered visible by causing the solar spectrum to fall 
upon certain solutions which i^xc fluorescent ^ such as sulphate of quinine, 
decoction of horse-chestnut bark, &c. The peculiar phenomena oîflucT' 
escence have been very ably investigated by Profossor Stokes, of Cam> 
bridge University. Phosphorescent bodies also shine in the ultra-violet 
region of the spectrum. For more ample details on this subject, see 
f hipson, ^ Phosphorescence, or the Emission of Light by Minerals, 
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In short, the solai 



:> be formée 



r spectnim appears ti 
' of tliree parts, which are superposed, bo that one inoi 
or less overlaps the other; one of these portio 
tains all those rays which act upon the optic uerve a 
produce the seDsaîiou of light — it is tlie visible and 
culored portion of the spectrum, and has its raaximam 
i.if intensity between the Fraunhofer lines D and E. 
Another portion is composed of heat-rays which com- 
mence in the violet where they are very weak, and pass 
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beyond the red extremity, at a certain distance from 
which they attain the maximum of intensity. Lastly, 
the third portion, whose action commences about the 

I'lunU, aaà Animals,' p. 15, fl ttq. The inTiBible chemicsl 

:rjn BpokcB of a^couipoBPti of octiiiii- rai/n. Its dark lines 
I.-. ted evident by iw phowgrapliio dution, — P.] 
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region of the blue, goes on increasing towards the ex- 
treme end of the violet, and continues beyond the 
visible portion : the exact position of its maximum of 
intensity depends upon the nature of the substance 
submitted to its action. In our figure the curve of 
chemical intensity represents the action of solar light 
upon a silver plate covered with iodine, as in Da- 
guerre's process. 

However, they are the same waves of light, the 
same more or less rapid vibrations, which produce 
these varied effects : the only difference which exists 
between the different solar rays is the length of wave 
or undulation, which at one spot gives rise to calorific 
effects ; at another, to effects of light and color ; and 
at a third, to chemical effects. 

In the same way tliat we have sought to measure 
the intensity of the Hght and heat of the Sun on the 
surface of the Earth, we have endeavored to estimate 
also the intensity of its chemical action. Two of our 
contemporary chemists, Messrs. Bunsen and Koscoe, 
have found that the power of the Sun, in this respect, 
can be represented by a volume of chlorine and hy- 
drogen gas enveloping the Earth to a thickness of thir- 
ty metres (38.15 yards) : in a single minute the action 
of the solar rays would transform this immense volume 
of gas into hydrochloric acid. Ilere again, as with 
heat and light, our atmosphere exerts a certain amount 
of absorption ; under the normal inclination of the 
solar rays, the layer of hydrochloric acid formed would 
be only 17 metres (18^ yards) thick; it would be 
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redaced to 11 metres (12 yards) if the rays of the Sun 
are supposed to traverse the atmosphere at an angle 
of 45^ 

In one year the layer of mixed hydrogen and 
chlorine gas which the chemical rays of the Sun 
would cause to combine on the entire surface of the 
globe would amount to a thickness of 4600 kilometres 
(2841 J miles). If this amount be converted into heat, 
it gives more than 4000 times the number of calories 
deduced from the heat-rays of the Sun, and yet we 
have seen above what an enormous amount of heat, 
the terrestrial rfobe receives directlv from the Sun in 
the course of a year. 

We have now some notion of the power of the 
solar radiations, both those of heat and of light, and 
also those which occasion chemical action. It remains 
for us to sketch out the influence which these three 
combined exercise upon the organised beings which 
live on the surface of the Earth. 



CHAPTER n. 
Tmtluesce of teb Sux rPGor ixteto nMnrgflL 



AeCkm of SoUr lighl on Fiants — ^EmliiâoB of Qzjs^ retention cf 
Cvboa — ^Vegetation in the dark — ^Indirect inlloeDce of Light on 
Flowers — Tegetabies are beings spun oat of air bj tiie Son. 

The effects of solar heat on the Earth, studied from 
a pnrelj mechanical point of view, have been seen 
above» Wc know that this heat is the canse which 
determines the movements of the atmosphere and the 
great currents of the ocean ; that it raises vapor from 
the damp soil, from the seas and the rivers, which it 
causes to fall again as rain, hail, or snow. The power 
which, during a hurricane, snaps and uproots the 
largest trees, is borrowed from the Sun ; it is a trans- 
formation of the heat-vibrations of its mass into a 
translatory motion of those gaseous molecules which 
compose the atmosphere of the Earth. 

In phenomena of a purely physical order the 

♦—-•formation of the power of the solar rays is, we 

\ direct. The ethereal undulations caused by 

Ittious of the Sun's mass, after spreading from 
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the central orb to our planet with a velocity of some 
185,000 miles per second, communicate to the mole- 
cules of the air an intimate motion which . manifests 
itself to our eyes as a dilatation, and determines a 
change in the density of the gaseous mass. The equi- 
librium of the ditterent layers is destroyed, gravitation 
tends to re-establish it and does the rest ; the molecu- 
lar motion changes into a motion of masses. 

No doubt solar heat has another kind of influence 
on the globe. Since the time of Ampere our physi- 
cists have studied those magnetic streams which flow 
around the Earth as thermo-electric currents produced 
by the unequal distribution of solar heat over the 
Earth's surface, or by the action of the fused nucleus 
upon the solid crust of the globe. It appears certain, 
at any rate, that the diurnal, monthly, and annual 
variations of the compass, are intimately connected 
with the course of the Sun. Such is, in a few words, 
a sketch of the influence of the central orb upon in- 
animate bodies, and consequently upon the media in 
which organised beings are bom, live, and die. Let 
UB now enter into a few details with regard to the 
effects of the Sun upon life itself. 

The beneflcial and fruitful action of the solar rays 
upon living beings, both on vegetables and animals, is 
80 evident, so well known and appreciated by every 
one, that it appears almost superfluous to develope a 
thesis upon a subject which no one will attempt to 
contradict. But the manner in which this action ex- 
erts itself is less known, — tliat which is most generally 
5 
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ignored is the chain of intermediate phenomena b; 
which the luminous, calorific, and chemical rajs are 
capable of acting npou organised beings, and main- 
taining in them a source of life. 

It is now about a century since Dr. Priestley in 
England, and Dr. Bonnet in Qeneva, recognised the 
fact that the green parts of plants emit a gas which 
Bup}>ort8 combustion, — oxygen gas. A little later In- 
genhouz remarked that this oxygen was only emitted 
when the green parts of plants were exposed to the 
Sun ; in the dark, on the contrary, they evolved car- 
bonic acid gas. It remained to be learnt where the 
oxygen evolved by the leaves of plants came from. 
This was pointed out by Sennebier, and science was 
henceforward in possession of the following fundamen- 
tal facts : — the green portions of plants exposed to the 
direct rays of solar light decompose the carbonic acid 
gas contained in the air, retain its carbon in their tis- 
sues, and set at liberty an equivalent amount of Ore- 
gon, tliat which, combined with the carbon, formed 
the carbonic acid. In the dark, on the contrary, the 
oxygon of the air is partly absorbed by the plant, and 
carbonic acid, produced by the oxydation of some of 
the vegetables' carbon, is evolved. 

But this is not all. Wo know from the more re- 
cent researches of a learned American, Dr. Draper, 
that tliis decomposition of carbonic acid by plants is 
only operated by the luminous rays ; neither the purely 
calorific rays, nor the chemical rays occasion the evo- 
lution of oxygen ; ^ but wo must not hasten to con- 
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dude,' says J. Sachs, in his treatise on * Vegetable 
Physiology/ ' that the chemical rays play no part what- 
ever in the nutrition of the plant: before complete 
assimilation can take place there are many other steps 
to be taken besides the evolution of oxygen gas.' If 
clouds happen to intercept the light of the Sun the 
disengagement of oxygen gas is considerably slack- 
ened ; the same thing occurs during twilight, and if 
the atmosphere be completely deprived of solar light 
— for instance, during a total eclipse — the phenomena 
of vegetation proceed as at night, carbonic acid is 
emitted instead of oxygen 

The differently colored rays have not, however, 
the same reducing action upon the carbonic acid of 
the atmosphere ; according to the researches of Dau- 
beny, Hunt, Draper, and the recent experiments of 
M. Cailletet, three colors which are the most active 
in chemical decomposition — for instance, the violet, the 
blue, and especially the green — are precisely the least 
favorable to this decomposition. In fact, it appears 
to be proved that in the green rays of the spectrum 
leaves of plants actually secrete carbonic acid. This 
would explain, to a certain extent, the well-known 
fact that, underneath large trees, vegetation droops 
and languishes, even when the shade is not very 
intense. 

Heat cannot supply the place of light in the im- 
portant fonction of vegetation.* A plant which is 

* * By the influence of light,' as Moleschott has truly remarked, * the 
bfilliant nights of the polar regions cause the crops to ripen in a short 
timei whilst many days of our summer beat cannot accomplish It' 
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« 

almt up in a dark place, ev^en when there is a snffi- 
ciont degree of temperature, becomes chlorotic ; its 
gnH>n coK^r disappears ; it only lives and growB at the 
i^lHn^^e i^ its own substance. M. Boussingault has 
riHHHitly studied the phenomena of vegetation in the 
dark ; lu* ex{>eriment8 prove that if the young plant 
rai»tH) tK)iu a seed be developed out of all contact 
with lights the leaves do not act as a reducing appa- 
ratus^; a plant bom under such circumstances emits 
oarlK>nio aoid constantly, as long as the substance of 
tho «eetl oau supply any carbon, and the duration of 
it» oxintcttco do^Hmdd upon the weight of this substance. 
It i« a «lingular fact that a plant, developed in com- 
ploto darkness with stalk, leaves, and roots, performs 
t\u\otion8 like an animal during the whole period of 
itrt oxintoUiH), * It is only under the rafluence of light 
that loaves are sensitive, endowed with periodic move- 
nuuitK, u)ul capable of motion. In the dark they are 
rlgiil and appear to bo asleep.' (J. Sachs, ^Vegetable 
rhyniology/) 

I'Miially. if the development of the various colors 
of Uowers be independent of the local action of light, 
the lutter is no loss indirectly the indispensable agent 
both of the formation and of the colors of flowers, 
since the corolla and the staminœ can only grow and 
subsist at the expense of substances formed in the 
loaves by the action of light. 

* Leaves, flowers, fruit, are therefore beings spun 
from the air by light. When we contemplate their 
striking colors and their sweet perfumes causing a 
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feeling of serene satisfaction in the poetic soul which 
lies dormaDt in the mind of every one, we are reminded 
that light is the mother of the color and the perfume 
(Moleschott, ' Life and Light.') 

We should not, however, combine these two phe 
nomena, namely, the color of plants and their odori 
ferons properties, for whilst the green color appean 
to be a consequence of the exhalation of oxygen, it is, 
on the contrary, by oxydation that the essential oils 
which produce the perfume are formed. But this 
oxydation is itself accelerated by solar light ; hence 
many jBiowers which scent the air during the day lose 
their perfume at night 



Effects of Solar Rays upon the life of Animals — ^Health of Man, 

and life in the Country. 

If the solar rays, and among them the luminous 
rays, play so important a part in the phenomena of 
vegetation, it is evident that they cannot be less use- 
ful to animals. Indirectly they are absolutely ne- 
cessary to them ; for, after all, the vegetable kingdom 
supplies nutriment to the animal world. But the 
experience of every day teaches us what a great in- 
jluence the light of the Sun has upon the health of 
men and animals: it is almost enough to compare 
those who pass the greater portion of their lives in 
the open air and in the sunshine with those who 
live in obscure dwellings, in narrow streets, and densely 
populated cities. Dwellings which are badly lighted, 
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besides being damp* cold, and ill-ventilated, are an- 
healthy from the mere fact that they are not vivified 
by the solar rays. But the kind of action which 
these rays exert in this case is quite distinct from 
their influence on plants. In the act of respiration 
animals consume oxygen, and exhale carbonic acid 
both day and night, although nocturnal respiration 
gives out less carbonic gas than the same function 
during the day. It results from this that animals 
prodnce precisely the gas which is necessary for plants, 
and the latter that which animals require for respira- 
tion. It is not surprising, then, that life in the coun- 
try and daily walks in the green woods are so essential 
to perfect health : — The leaves of the trees, the blades 
of grass, all the plants which cover the ground, exhale 
oxygen in abundance ; in such circumstances, our lungs 
are filled with the purest and most vivifying air. 

Dr. Moleschott has made numerous experiments 
which tend to prove that, taking everything into ac- 
count, heat, atmospheric pressure, nutrition, &c., the 
quantity of carbonic acid exhaled by an animal in- 
creases witli the intensity of light, and attains its 
lowest limit in complete obscurity. * This is as much 
as to say,' he adds, ' that the light of the Sun accele- 
rates molecular work in animals.' 

The rays of the Sun are, therefore, from every 
point of view, the first condition of existence for or- 
ganised beings on the surface of the Earth. They 
supply them with heat, without which life would soon 
^ extinguished ; with light, which presides over the 
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nutrition of plants, and consequently over the lives of 
every being in the animal world ; at every moment 
they determine nmnerbns chemical combinations and 
decompositions. They constitute an incessant and 
periodically renewed source of movement, power, and 
life. Men of the present day profit not only by the 
prodigious quantity of force which the Sun annually 
pours upon the Earth in the form of calorific, chemi- 
cal and luminous undulations, but they are consuming 
also that which has been preserved for thousands of 
centuries. What are, in fact, the accumulated masses 
of coal buried in the crust of the Earth by geological 
action, but the produce of solar light condensed some 
thousand centuries ago in gigantic forests? Their 
carboniferous principle transformed by a kind of slow 
distillation amassed itself first into a peaty tissue, then 
into more and more compact strata, until the layers 
of vegetable remains were completely converted into 
basins of coal. At the present day, in our manufac- 
torieSx our locomotives, and steamers, these precious 
fossils give back to man in light, heat, and mechani- 
cal power, all that they had formerly acquired for 
thousands of years from the rays of the Sun.^ 

Inflaenoe of the San on the Terrestrial Globe — ^Recapitulation of the 
foregoing facts — ^Religious conceptions of the Arjas. 

In a page of his work on Heat Professor Tyndall 

* [This sublime thought has been shown by GroTC, Smiles, and 
other eminent writers, to haye been first enunciated by our celebrated 
engineer, George Stephenson.^P.] 
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has condeaDsed^ in «n admirable manner, the data 
which we haTe given above r^arding the Influence 
of the solar rav& ^ As certain as it is that the force 
which puts a watch in motion is derived from the 
hand which winds it up, so certain is it that all terres- 
trial power is derived from the Son. Without taking 
into account the eruptions of volcanoes, the flux and 
reflux of the sea, every mechanical action we observe 
on the sur&ce of the Earth, every manifestation of 
power, organic or inorganic, vital or purely physical, 
has its origin in the Sun. Its heat maintains the sea 
in its liquid state, the atmosphere in a gaseous state, 
and all the tempests which agitate the one and the 
other can bo traced to its mechanical force. It attaches 
to the sides of tho mountains, the sources of rivers, 
and tho glaciers; and consequently cataracts and 
avalanclies precipitate themselves below with an 
energy which is derived immediately from the Sun. 
The thunder and the lightning are another manifesta- 
tion of its power. Every fire that bums, and every 
lamp that shines, expend heat and light which origi- 
nally belonged to tho Sun. At the period in which 
we live, alas 1 we are forced to become familiar with 
what occurs on battle-fields, and we find that every 
charge of cavalry, every shock of arms, makes use of, 
or rather abuses, the mechanical force of the Sun. 
Sunshine comes to us in the form of heat, it leaves us 
in the form of heat, but between its coming and going 
it has awakened various forces of our globe. All 
these are special forms of solar force, so many moulds 
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into wMcli it has temporarily entered its progress 
from its source to the infinite. When presented to 
our minds in their true aspects, the discoveries and 
generalisations of modern science constitute the most 
sublime poem which has ever been offered to the 
intelligence and imagination of man. The physicist 
in our days is constantly in contact with marvels that 
would have caused Milton to grow pale ; marvels so 
grand and so subh'me that ho who contemplates them 
requires a certain force of character to preserve him 
from being completely dazzled. Consider the entire 
energies of our world, the power shut up in our coal- 
fields, our winds, our rivers, our fleets, armies, and 
cannons. What is it all put together? A minute 
fraction of the Sun's power equivalent at most to a 
l-2,150,000,000ths of its total energy. Such is, indeed, 
the portion of solar force absorbed by our Earth, and 
still we only convert a minute portion of this fraction 
into mechanical power; in multiplying the whole 
amount of our energy by millions of millions we 
should not be able to represent the total expenditure 
of solar heat.' * 

In presence of these deductions of modem science, 
now incontestably proved, and which can only be 
developed or extended by its future progress, it is 
impossible not to be struck by their resemblance to 
certain primitive reUgious conceptions which form 
the basis and the substance of all religions and all 
kinds of worship both ancient and modem. The 

* Compare Tyndall, * Heat as a Mode of Motion.' 
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• Bumotti; * R«viu det Deux Mondo,* 16 April, 186a. 
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at once the '^ celestial traveller" and the oniversai 
motor. 

^ Life also appears to them intimately connected 
with the idea of fire .... The grand phenomena of 
the accumulation of solar heat in plants, which science 
has since brought to light, was .perceived very early 
by ancient races of men ; it is many times mentioned 
in the Veda in very expressive terms . . . When they 
lighted the wood on the hearth they knew that they 
only forced it to give up the fire which it had received 
from the Sun. When their attention was arrested by 
animals, the intimate connexion between heat and 
life appeared to them in all its force; heat maintains 
life ; they knew no living animals in which lite existed 
without heat; on the contrary, they found vital 
activity developed or diminished according as the 
animal received more or less heat . . . Life only 
exists and perpetuates itself on Earth in three condi- 
tions, because fire penetrates bodies in three forms, 
one of which resides in the solar rays, another in 
igneous aliments, and the third in respiration which 
is air renewed by motion. But the two latter proceed 
each in its own manner from the Sun (surya); its 
celestial fire is therefore the universal motor and the 
father of life ; its first-bom was this lower fire (agni) 
produced from its rays, and its second eternal co- 
operator is the air in motion which is also called wind 
or spirit (Vâyu).' 

Finally, 'Nowhere does thought manifest itself 
without life. Moreover it is only met with in beings 
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Doubtless the authors of these speculations on the 
first principles of things in general did not conceive 
their ideas with the same clearness which, in the 
present advanced state of knowledge, is permitted to 
the analytical grasp of modem reason ; but is it not 
a marvellous thing to witness t^ie circle that was 
opened thousands of years ago by intuition closed to- 
day by the light of science Î 

rixthfl of that which we receive from the Sud. We are, therefore, 
much more intimatelj connected with £he Unitsbse than some philoso- 
phers appear to believe, and there can be no doubt that our Sun is 
dependent for its various * powers ' or * forces ' upon other distant 
bodies^ as we are, to a great extent, dependent on it. — P.] 
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I £.— PouTioir AND Influihoi ov thi Sun in the Planetart Syshek. 

▲pparf Qt diurnal MoUon of the Sun ; Rising, Setting, Passage aeroai 
the Meridian.— Apparent annual Motion of Translation ; Reality of 
the Barth^a Motion. — ^The Sun is the common Focus of the Orbits 
of all the Planets. — Enumeration of the three Groups of PUmets 
belonging to the Solar World and of their Satellites. 

Wb have just seen what the Sun is to the Earth, 
and to the animated beings which people its surface: 
its heat, its light, its chemical activity, essential condi- 
tions of all motion, of all vegetable and animal life, 
have been investigated by ns before we knew any- 
thing of the source from which they all emanate — 
without knowing what the great orb is that thus com- 
municates to us, as it were, a fraction of its own 
power. We have hitherto interrogated Physics only, 
and yet, by the aid of that branch of science, we have 
been able to lift a portion of the veil wliich hides 
from us the cause of the Sun^s eminently beneficial 
and fruitful influence. These effects, before they 
^ere rigorously investigated, were very imperfectly 
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known, but now we can connect the more important 
of them with the different kinds of solar radiations ; 
we know that very different parts are played by the 
rays of the Snn according as they manifest themselyee 
to us as light, heat, or chemical activity. 

TSow we must go still farther, and make use of 
another branch of knowledge. Let us address our- 
selves to Astronomy, and ask this Science not what 
function the Sun performs towards the Earth, but 
what this great orb does in the heavens, at what dis- 
tance it is placed from our globe and from other 
planets or stars, what are its dimensions, its form, its 
various motions, what is, in fact, its physical consti- 
tution f Many of these questions are now solved, and 
others are hanging in suspense between this or that 
hypothesis, still devoid of suflBcient proof to lead us 
to certain conclusions, whilst others, again, are scarce- 
ly expected to be solved for many years to come. To 
tell the truth, the minds of very few men are occu- 
pied with such problems. The Sun is seen everyday, 
or nearly so, seen rising or setting, or going its daily 
round in the sky, rising higher or lower above the 
horizon according to the season of the year ; it is wel- 
comed joyously, or the heat of its rays is complained 
of; but that is all. An entire life is passed away 
without once inquiring the why or the wherefore of 
80 many wonderful phenomena returning perpetually 
at regular intervals, and looked upon with indiffer- 
ence as matters of common occurrence. It is the 
same thing here, however, as in many other cases 
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where cnriosîtT is cnl j excited after a certain d^ree 
of reflecti<HU or, ^ D^Alembert expresses it in the 
^Enerdopedia»* 'It is not without some reason that 
the philosopher is astonished that a stone should faU 
to the gronnd; people laogh at his astonishment, but 
after a little reflection they join in it themselves.' 
Let ns reflect a little whilst observing what is going 
on aroond ns; let ns question the phenomena we ob- 
serve« and we shaU soon have as much cause to be 
astonished as the philosopher. 

We may commence bj stating accurately the posi- 
tion of the Sun with r^ard to the Earth and to other 
similar orbs, that is, with r^ard to the various planets. 

Every day in the year, in our latitudes, we see the 
Sun rise on our eastern horizon, mount gradually in 
the sky to a maximum altitude, which varies accord- 
ing to the day of the year, but which, each time, 
marks noon, or the middle of the day ; then, jfrom 
this point, the summit of its daily course, we see it 
descend, and finally set below oar western horizon. 
So far the Sun is endowed with the same appear- 
ances as the stars and the Moon ; and now-a-days no 
one ignores that this general motion of the stars is 
not real, but a natural consequence of the Earth's 
daily rotation from west to east. The terrestrial 
globe turns upon itself around an axis whose position 
is invariable, and with a uniform velocity in 23^ 56" 
4-.* 

* This is the length of the sidereal day ; the mean solar dot/ is longer 
by 8 minutes and 66 seconds, for it is 24 hours. It ia the interval 
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When the Sun rises, it is, therefore, our horizon 
which, carried along by the rotation of the mass to 
which it belongs, descends towards the east before the 
disc of the Sun ; when the Sun sets it is also our hori- 
zon which, by rising towards the west, soon masks the 
radiant orb from our view. 

Another apparent motion, which can be easily 
noticed by those who are somewhat famiKar with the 
aspect of the starlit sky, appears to carry the Sun pro- 
gressively in a precisely opposite direction to its appa- 
rent daily course, that is, from west towards the east. 
We can verify this second kind of movement in the 
following way. At any given period of the year let 
us take note, at midnight, of the aspect presented by 
the various constellations ; for instance, let us observe 
at that moment what stars are in the plane of the 
meridian, that is to say, in the same plane that the 
Sun occupies at the opposite side of the heavens at 
the same moment. On the following nights, at mid- 
night precisely, the same stars will be found to have 
passed from the meridian towards the west, and their 
progression in this direction will be seen to be about 
four minutes (3™ 56*) each day. This amounts to 
Baying that the stars now opposed to the Sun are more 
easterly than the first, or that the Sun itself occupies 
in the heavens more and more westerly constellations 

which elapses between two successive passages of the Sun over the 
meridian. Whilst the length of the sidereal day is invariable, that of 
the solar daj varies throughout the year ; hence astronomers have r^ 
coarse to an average interval called the mean solar day. 

6 
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with regard to the Earth. In one year the Sun ap- 
pears thus to circulate entirely round the sky in a 
piano which is inclined to that of the Earth's equator 
about 23^ 27'. 

In reality this motion does not belong to the Sun. 
Since the time of Copernicus every one knows * that 
it is the Earth which is thus carried along in the 
course of the year, describing round the Sun a nearly 
circular orbit. The exact duration of this revolution 
is SCS^^'^SGé, so that after this interval of time the 
Earth and the Sun are found once more in a straight 
lino with the same star. 

This is not the place to show how these two mcv > 
ments, the rotation and translation of the Earth, are 
capable of explaining the alternate cccurrcQce of day 
and night, their unequal lengths in different latitudes, 
their variations in the course of a year, and finally 
the différents heights of the Sun above each horizon 
according to the season of the year. 

But that which we particularly wish to insist upon 
is the situation of the Sun with respect to the Earth : 
— our planet describes, as we have just said, an almost 

* * Every one knows' is an expression which is not ezactlj in 
acoordapce with history. We have only to call to mind the pcrsecation 
of which the great Galileo was the unfortunate victim, to perceive with 
what reserve the most enlightened minds accepted the new ideas con- 
cerning tlie Earth's double motion. Up to the middle of the eighteenth 
century, in France itself — not in Italy and Spain where the Inquisition 
was rampant — authors hesitated to declare their opinions on this sub- 
ject ; they icarcely dared to present the system of Copemicos otherwise 

* «t a coqiectoreb 
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circnlar curve. Thîs curve or orbit, the plane of 
-which ÎB called the ecliptic, is iu reality an ellipse, an 
oval curve, symmetrical with regard to two unequal 

axes, and having its 
centre C, fig. 5, at the 
point of intersection of 
these lines. The Sun 
occupies a point on the 
greater axis,bùt not the 
centre ; it is situated 
in S, at one of the/bei 
of the curve. It results 
from this that the dis- 
tance of the Earth irom 
the Sun varies con- 
stantly throughout the 
year. At T, the ex- 
tremity of the longer axis nearest to the Sun, the 
Earth is at its perihelion^ which liappens about the 
1st January ; at T'', the other extremity, correspond- 
ing to the Ist July, it is at its aphelion^ or its greatest 
distance from the Sun. Lastly, at each extremity of 
the smaller axis, when the Earth is at T' and T'", its 
distance from the Sun is the mean between these two 
extreme distances, a state of things which occurs about 
the Ist April and 1st October. 

The Earth is not the only orb which revolves in 
this manner round the Sun. 132 bodies, planets, and 
satellites, form the planetary cortege. (At least, such 
is the number of these bodies actually known.) 



Fig. &— Elliptic Orbit of the Earth.— 
Aplielion aud Feribelion. 
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In the first place, we have eight principal planets, 
which can be divided into two groups ; the group of 
planets of medium size, which, taken in the order of 
their distances from the Sun, are Mercury, Venus, the 
Earth, and Mars ; and the group of large planets, 
iTupiter, Saturn, Uranus, and Neptune. Between 
these two groups circulate a number of very small 
planets, which can only be seen with a telescope, the 
number of which is increasing every year by new 
discoveries, and at the present day (February 1869) 
106 of these minor planets may be counted. Besides 
these 114 planets, we must reckon 18 satellites: — the 
Moon, which revolves round the Earth and, with the 
Earth, round the Sun ; the four satellites which in 
like manner accompany Jupiter, the eight satellites 
of Saturn, the fom* belonging to Uranus, and the one 
pertaining to Neptune. 

Such is the composition of our planetary system. 
Each planet describes round the Sun an elliptic orbit 
like that of the Earth, so that the Sun occupies the 
common focus of all these curves. These orbits are 
almost perfectly plane, and only slightly inclined one 
to another. Let us take this opportunity of stating 
that the duration of planetary revolutions increases 
with the mean distance of the different planets from 
the Sun, according to a law the discovery of which we 
owe to Kepler; that these intervals are comprised 
between 88 days, the year of Mercury, and 165 years, 
the duration of Neptune's revolution (its year). These 
data will suffice to enable us to gain some idea of the 
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Bituatlon occupied by the Sun in the midst of these 
secondary orbs to which it distributes heat and light. 



The Planetary World as seen from Space : its DimeDsions in length and 
breadth. — How far those Comets penetrate it whose Orbits have been 
approximately calculated. 

Let US imagine an observer travelliog in the depths 
of space, to such a distance from our planetary world 
as would enable him to embrace the whole of it in ono 
view. If the direction taken by him be that contained 
in the plane of the Earth's orbit, or in that of any» 
other planetary orbit, he would see a brilliant star, 
shining very brightly, and on each side of it a hun- 
dred smaller stars, some lost in the bright rays of tho 
central star, others far enough from it to allow them 
to be more easily distinguished ; all of them, however, 
infinitely less bright than the Sun,* and varying in 
brilliancy according to their apparent distances from 
the latter. All these satellites of the Sun would be 
seen to oscillate about its disc, describing, to all ap- 
pearance, right lines or nearly so, as we observe to be 
the case with the satellites of Jupiter, which we see 
move from one side to the other of that planet. Some 
would appear to move with great rapidity ; they would 
be those nearest to the central star : Mercury, Venus, 

* To tell the truth, a great number would bo really invisible, some 
on account of their minute size, others because their light would be 
confounded with that of the Sun. But we are indulging in a supposi- 
Cionhere. 
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the Earth, and Man. The othen would describe 
their courses mnch more slowlj. The wbole would 
present the aspect of a lenticular mass c^stars, or, if 
the distance of the observer were too great to allow 
him to distingnish the different Imninoos points^ of a 
bright star surronnded by nebnlons matter of an elon- 
gated form. 

As for the dimensions of the plan^ary system, at 
least as we know them at the present time, it has a 
diameter eqnal to sixty times the distance of the Son 
from the Earth, or about 5700 millions of miles. If 
we desire to form some idea of this immense extent 
of space, we must estimate it by the time whic^ 
certain bodies wonld require to pass through it. Light, 
which prepresses at the rate of 180,000 miles per 
second, requires 8 hours and 17 minutes to travel from 
one end to the other of the planetary system ; as for 
a cannon-ball, if it continued to travel with a uniform 
velocity of 495 yards per second, it would take no 
less than 626 years ; sound would require 845 years to 
travel over the same distance. 

Tiie thickness of planetary space is much less ex- 
tensive than its length. In considering it represented 
by a line perpendicular to the plane of the Earth's 
orbit, we find it nineteen or twenty times less than 
tlio dimensions of the long diameter, or about 300,- 
000,000 of miles. 

In all this we have said nothing of comets. These 
bodies move round the Sun like the planets ; but their 
^>r ita are much more elongated, and have all kinds 
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of inclinations on the plane of the ecliptic. Moreover," 
the direction of their motion is retrograde in some 
caaes. direct in others. If wo consider only those 
coDietB, the elements of whose orbits we have been 
able to calculate with tolerable accuraej, and which 
certainly belong to our solar system, the dimensions 
of the latter become much greater than those of the 
planetary world properly so called, limited by the 
orbit of Neptune. ludeed, whereas the radius of 
Neptune's orbit is equal to thirty times the mean dis- 
tance from the Sun to the Earth, the aphelion distance 
of the comet of 1844, whose period is a hundred thou- 
sand years, is lost in extra- planetary space at a dia- 
btnce four thousand times as great. 
■ There can be no doubt that, among the numerons 
■«omets whose very elongated orbits appear, as long an 
they are visible to us, to be arcs of parabola, some 
travel even farther than this from the Sun. But 
without going beyond what is known and determined, 
we see tbat the solar world extends from the common 
locus to a distance of some 375 thousand milbons of 
.miles, and probably even to a greater distance than 
is. From a point of space so prodigiously distant 
that at which we find the comet whose period is a 
idred thousand years when at its aphelion, the Son 
lold only appear like an ordinary star : its brilliancy 
>uld, it is true, surpass tbat of the briglitest stara 
lown, but its apparent diameter would be scarcely 
f a second. 
It is suMcient ibr the present to get a glimpse of 
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the San in the midst of the stars (planets) which cir- 
culate roond it in clo6ed orbits, and to note to what a 
distance the s^iare of its activity extends ; presently 
we shall have the opportunity of stating the position 
which it occupies among other stars (fixed stars), and 
the connexions which, in al! probability, bind it to the 
sidereal world. We shall then see that oar Sun forms 
part of an association of conntless sans similar to itself, 
and that a moTement of translation carries it along 
with its entire train of planets, &c., and canses it to 
describe an immense orbit aroond some centre yet 
unknown* 
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What is the Form of the Solar Disc ? — ^The Sun at the Horizon ; its 
Doublj Elliptic Form ; Fantastic Forms caused by Refiractioii in 
Layers of Vapor. — ^Various means of obsarring the Son without 
wouoding the Eye. — Helioscopes. — ^Projes-'tion of the Sun^s Disc 
into a Camera Oscura. 

The light of the San is so dazzling that, as every 
one knows by experience, it is almost impossible to 
look at it with tlie naked eve when it shines in a clear 
sky devoid of clouds, and at a certain distance above 
the horizon. On the horizon itself (that is to say, at 
the moment of sunrise or sunset,) this diflScalty is no 
longer experienced, and wc may, without hurting our. 
sight, acquire a notion of the apparent form of its 
disc. The very great diminution of the luminous 
intensity of the solar rays when the Sun is seen at the 



SOBH AND APPABENT OIUKNSIOITS OF THE SUN. 89 

liorizoD, is explained very simply as follows : — Every 
ray of light which comes to hb from space and reaches 
oar soil nmet pass through the Earth's atmosphere ; 
it is the more absorbed by the air the greater the 
distance that it travels and the denser the air through 




which it passes. Now, if we admit that the atmo- 
sphere extends vertically to a height of G2 miles, a ray 
of light coming from the zenith lias only tlieso 02 miles 
to pass through before reaching our eye, whilst at the 
horizon the distance travelled would be 706 miles, and 



do 
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throngh the densest portions of the air. In fact, 
Bouguer found tliat the intensity of solar light is one 
thousand times less when the Sun is 1° above the 
horizon than when it has risen 40° : this result is, 
nevertheless, only approximative, and depends very 
much upon the state of the atmosphere and its purity 
on the dav of observation. 

However that may be, there is never any diflSculty 
in looking at the Sun when it is very near to the horizon. 
We see it tlien in the form of a well-defined circular 
disc. But this disc, instead of being a perfect circle, 
as we shall see it should be, is more or less flattened, 
especially on its under side ; it appears as an oval, 
which, moreover, isnot regular, but formed of the halves 
of two ellipses A C B and A D B (fig. 7), having the 

same greater axis 
A B, but the smaller 
axes C O and O D 
are unequal. This 
peculiar deformation 
is caused by the re- 
fraction of light as 
it passes through the 
atmosphere, the effect 
of which is to elevate 
the various points of 
the limb or border of 
the disc so much the 
more the greater their proximity to the horizon.* 

* [In other terms the thicker the layer of ûr traversed by the ray 




Fifç. 7.— Doul.lo Elliptic Koimof the Sun at 
Sunrise and Sunaet 



FOSH AHB APPASKNT DIHSNSIoHS UT TBE SOS. 



91 



Sometimes want of homogeneity in the fttmospheric 
layers is caused by admixture of vapor, and is Euch that 
tlie deformation of the solar disc by refraction renders 
it unrecognisable. Fig. 8 représenta gome of these 
c'jjpearances observed from the coast at Dnnkerqne 
by Blot and Mathieu. Certainly these are not the 




Fig. 8.— SlnguUr AppearaDO 



circumstances in which we should be placed to acquire 
__an exact notion of tlie form of the Siin. Let us state, 
then, in a few words, the cases in which this form can 
be properly seen, and lot us describe the artificial 
means resorted to by astronomers to investigate as 
long and as minutely as possible the different portions 
of its disc. 

of li^t, the grenter die refraciion .] ' Od high moantainj and on pla- 
teaai near (hu sea-coast thia Sattening of the disc appears very consid- 
erable; it altains Bometimes to 1-SCh the apparent diumeler of tlie Sun. 
The diBc of the Mood presents the same pbeuomenoa.' (Biot, ' AaCroD- 
omie Fhj^ue.') 
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Light clouds, or even fog Buffieiently dense, some- 
times absorb so much of the Sun's light that we i:im 
see through them the form of the disc thoroughly de- 
fined and perfectly circular ; its color, most frequently 
reddieh yellow, is sometimes of a dead white, eo 
slightly dazzling that the naked eye supports its glare 
without the slightest fatigue. If this happens at a 




Fig. 9. 



-Hov to Blsckao « Oliia In order to olierv» the Sna aunng an EcUpn. 



time of day when the Sun ia high above the horizon, 
atmospheric refraction does not interfere much with 
its true form, and unless wg apply very rigorous mea- 
sures we cannot then recognise any deformation. 

But we have here a very simple process by which 
q at all timee produce the eflfects of the clouds or 
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tihe fog above mentioned, — a process which is fre- 
quently made use of when an eclipse of the Sun is 
observed by unaided sight. We take a piece of win- 
dow pane, or rather, a piece of plate-glass with per- 
fectly plane and parallel faces, which we hold for a 
few instants above the flame of a candle or a lamp. A 
layer of lamp-black is thus deposited upon the glass 
and sufficies to diminish the intensity of the solar rays ; 
but as it is difficult to obtain in .this manner an equal 
layer of black, the disc of the Sun seen through a 
smoked glass has not an uniform brightness, therefore 
the use of colored glass is generally preferred. 

Colored glasses were used for observing the Sun 
before telescopes were invented. 'Apian tells us in 
his "Astronomieum Cœsareuiu," printed in 1540, that 
in his time several persons made use of various com- 
binations of COLORED GLASSES ccmentcd together by 
their edges.' Arago, who cites this fact, ' is surprised, 
and naturally so, that such a simple method was so 
long in becoming generally adopted, and more partic- 
ularly, that, after the invention of telescopes, an as- 
tronomer like Galileo should not have had recourse 
to it. Colored glasses would, probably, have pro- 
served this illustrious man from the aflections of the 
eye which he so often suffered, and from the complete 
blindness which attended his latter days.' In fact, 
dangerous as it is to look at the Sun with the naked 
eye, this danger is infinitely greater when a telescope 
is used, even one which magnifies to a slight extent 
only. We shall see presently what means are resort- 
ed to in tbiB case. 
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The Sun may also ba viewed by the naked eye bj 
looking at it througli a piii-liole in a card : the quan- 
tity of light which passes through tliis small opening 
is 60 slight that tho brilliancy of the image is dimin- 
ished enormonaly ; butin thia case the image is far from 
perfect. Reflection from the surface of a sheet of wa- 
ter, or from a bine or black-colored liquid, also weak- 
ens the intensity of thn Suu'a light considerably. 
But the mobility of a liquid is such that the sli^faieat 
breath ot air ripples its surface, and rendciB its use 
for this purpose very inconvenient. 

"WTien the eye 
is placed behind 
two pieces of 
black glass paral- 
lel to each other, 
it receives the 80- 
Im" rays, which, 
after fall ing upon 
the first glass, are 
reflected on to 
the other, then 
back again ou to 
the flrrt, and so on several times ; there are font re- 
flections, 1 1' I" and I'" (fig. 10). Tho absorption of 
light is such at each reflection that when it finally reach- 
es the eye the image of the Sun can be seen withoot 
paining the observer. Opti<iane, by placing these 
glasses in a little box with blackened sides, construct 
a arnaU apparatus which is very convenient for obser^ 




Fig. lO.-Dlmlniitloii 
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iug éclipses of the Sun. Thej aiao man iifacture f 
the same purpose what are «alied h&Moscopes, ■wliieh ■ 
are merely compoaed of two prisms, or two pieces of 1 
glass cut wedge-shaped, one white and transparent, ' 
and the otber black or colored ; they are put together 
as shown in %. 11. The image of the Sun seen 
through this 




S' E it is brighter than at S E : with this apparatus 
therefore, we can follow an eclipse through all its 
phases by choosing the degree of absorption which 
best suits the sight. 

M, Babinet, in hia ' Notice on the Solar Eclipse of 
July I860,* gives us another method for observing an 
eclipse, which renders it needless to look at the Sun at 
all, or even to leave onr room. By this method "aa 
invalid can follow the phenomenon in question with- 
out rising from his bed.' It consists in placing in the 
sunshine a fragment of looking-glass, in such a manner 
as to reflect the image of the Sun upon the ceihng or 
upon the walls of the room.* 
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A method which is preferable to the above, be- 
cause it gives a neater and more vivid image which 
is not too bright, is that formerly employed by Fabri- 
cius, of whose works we shall have to speak present- 
ly. It consists in causing the Sun's rays to enter the 
small aperture of a camera oscura, where they are re- 
ceived upon a sheet of white paper, placed in such a 
position that the rays fall perpendicularly upon it. 
On this screen the reversed image of the Sun is then 
seen, which is larger and fainter the farther the sheet 
of paper is from the aperture of the camera. Galileo 
and Scheiner made use of this device ; it was also em- 
ployed by Gassendi to follow the passage of the planet 
Mercury across the Sun's disc on the 7th Nov. 1631. 



Observation of the Sun in Refractors and Telescopes. — ^Danger to the 
Eye. — Use of colored Glasses. — William Herschcrs Method. — ^Po- 
larising Helioscopes. — Foucault^s Siderostat. — Silvered ObJQctive 
Glasses. 

Since the naked eye is liable to bo hurt by solar 
light, unless the latter be weakened by the aid of some 
natural or artificial process, it is evident that the 
danger is much greater with regard to the image of 
the Sun produced at the focus of a refractor or a tele- 
scope. The concentration of the rays of light and 
heat, which unite to form the image at this focus, 
increases its brilliancy according to the power of the 

jse an ordinarj* looking-glass, cover its surface with a sheet of paper 
having a small circular hole cut in its centre, — ^P.] 
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mstrument : even with an instrument of small power 
the eye wonld be dazzled and bnmt, if we did not take 
the precaution of weakening the intensity of the image. 
The first persons who made observations of this kind, 
Fabricins, Galileo, Harriot, for instance, only observed 
the Sun, with the newly-discovered telescopes, when 
it was near the horizon, or throogh a fog or a cloud 
of sufficient density. Even then they were obliged 
to be very cautious : Fabricius recommended that a 
very small portion of the solar disc should be at first 
admitted into the instrument, so that the eye might 
become gradually accustomed to the glare of the entire 
disc. They also studied the image of the Sun re- 
fleeted from a sheet of water or from a somewhat dull 
mirror. In 1611, however, Scheiner made use of co- 
lored glasses : he placed before the objective glass of 
his refractor a flat, colored glass, finely polished, and 
with sidesperfectly parallel, so that the form of the 
image was not distorted. 

But even with all these precautions, the prolonged 
study of the Sun is highly dangerous to the sight, and 
many astronomers have suflered from it ; Galileo and 
Cassini died blind. William Herschel, who was ae 
ardent an observer as he was profound in his philo- 
sophical views, made several researches with the view 
of finding out what substances it would be best to use 
for weakening the image of the Sun in the telescope 
and protecting the sight. He soon found that the 
particular color of the glass was a matter of great 
importance : red glass absorbed the most luminous rays 
7 
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well enough, bat it allowed a great qnantîtj of heat- 
rajs to pass, which in time occasioned serious inflam- 
mation of the eye ; green glass was fonnd to absorb 
the heat-rays, bat allowed too much light to pass. 
Herschel recommended that colored glasses shoald be 
replaced by black writing ink, dilated with a little 
water and filtered. Tliis liqaid possesses the property 
of absorbing eqnally the rays of different colors of 
which solar light is composed, so that seen through it 
the image of the Sun appears perfectly white. More- 
over the greater portion of the heat-rays are extin- 
guished.* The liqaid was placed in a little vessel in 
front of the ocular glass. This simple apparatus has 
never been adopted. 

At the present day astronomers use dark glasses, 
either black or blueish black, which are screwed on to 
the instrument in fix)nt of the ocular. They are 
generally li to 2 millimetres (é-lOOth to 6-lOOth of 
an inch) in thickness ; but the use of these glasses is 
not without serious inconvenience. As the investiga- 
tion of the inequalities observed on the Sun's surface 
requires instruments of great optical power, it often 
happens that if the observation be prolonged for any 
length of time, the dark glass becomes heated and 
cracks, suddenly exposing the delicate nerve of the 
eye to the full glare of the Sun's image. 

* [We have examined the spectrum given by the liquid aboye 
described. It is characterised by a general absorption like that ob- 
«erred with a decoction of wall-flowers {Cheiramihui\ but more espe- 
cially in the yiolet between H and G, a little above F in the blue and 
about C in the red. — P,l 
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Sir John Herscliel first suggested the utility of 
polarising the light which enters the instrument, as 
this phenomenon was known to extinguish certain rays, 
and so to construct a new kind of astronomical eye- 
glass. Polarising helioscopes have been man ufactured 
by Colonel Porro and by Herr Merz, and have realised 
the ideas of the illustrious English astronomer : they 
have this particular advantage, which colored glasses 
have not, namely, that when adapted to the instrument, 
they preserve the natural color of the Sun's image. 

Castelli, a pupil of Galileo, imagined another 
method which is still in use at the present day. It 
consists in projecting the Sun's rays, after they have 
passed through the eye-glass of the telescope, on to a 
sheet of white paper. It is this method (somewhat 
similar to the projection of the rays into a camera 
oscura before noticed) perfected, and applied to an 
equatorial refractor that enabled Mr. Carrington to 
make numerous interesting obseirvations to wliich we 
shall refer again : the image of the Son upon such a 
screen had a diameter of 28 or 30 centimetres (about 
1 foot). Padre Secchi also employed it to measure 
the relative intensities of light at the border and the 
centre of the solar disc : with an objective glass of 6 
inches in diameter he thus obtained an image of the 
Sun, which, received upon a diagonal reflecting ocular 
glass and thrown upon the screen of white paper, had 
a diameter of no less than 2 metres (7i feet). 

In order to study the Sun or any other celestial 
body in a continuous manner, M, Léon Foucault îma- 
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ginod an apparatus called a siderostaty which his pie- 
mature death did not allow him to complete. Ao- 
oording to M, Henri St Claire Deville the instrument 
nmy bo tlius described : — * The siderostat is esscntiall; 
oom))osod) Ist, of a plane^silvered mirror, set in motioc 
by clockwork, so as to project the rays of the Sun, or 
other star, in a constantly horizontal direction ; 2nd, 
of a fixed objective apparatus, either a refractor or â 
reflector (that is, a refracting telescope or a reflecting 
telescope) which brings these rays to a focus. This 
focus is precisely at the aperture of a camera oscura^ 
In whldi the astroifomer, perfectly at his ease, records 
his observations or effects his measurements without 

the slightest fatigue or inconvenience One of 

thiî mortt interesting applications of the siderostat was 
that which Foucault intended to make with it, viz a 
ponnuuont investigation of the Sun. In one of the 
rooms of the Observatory, which is more frequented 
than others, ho wished to place an apparatus of this 
kind, which would tlirow upon a screen, ruled with 
linos crossing at right angles, a fixed and magnified 
Iituigo of the Sun. The apparition and forms of the 
sj)ots, the passage of a planetary body across the disc, 
&c., would thus be made the subject of constant study, 
which could be carried on without the slightest danger 
to the eyes, and by all the persons whose occupations 
cause tliem to pass frequently through this room.' 

To conclude what we have to say of the various 
means of observing the Sun without injuring the eye- 

t| we must mention another method, also due to 
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Léon Foucault, but which, more fortunate in this 
respect than the siderostat, has actually been tested by 
experiment. This new process is only applicable to 
refracting telescopes, and consists in silvering the ex- 
temal surface of the objective glass. By this means 
the instrument is protected from the heating power of 
the solar rays, which are almost entirely reflected to- 
wards the sky, whilst a minute quantity of blueish 
light passes through the thin film of metal, is refracted 
in the ordinary manner, and forms at the focus of the 
instrument a perfectly pare image which may be ob- 
served without the slightest danger. The trial of this 
method of observation was made lately at the Paris 
Observatory, with an objective of 10 inches diameter, 
and with complete success. It has only one drawback, 
— ^that of sacrificing the instrument to this kind of ob- 
servation only ; but this source of inconvenience does 
not exist for observers who devote themselves entirely 
to the study of the Sun. ' 



Completely circular Form of the Solar Disc. — ^Its apparent Dimensions 

at dififerent Periods of the Tear. 

We have insisted, perhaps, rather too long on the 
various methods of solar observation, but this digres- 
sion was necessary to save those of our readers who 
may feel disposed to study the Sun, or even to inspect 
its disc out of pure curiosity, from the use of improper 
means, and accidents that might have been the coiise- 
qnence. 
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Let UB now proceed with our subject. We have 
already seen that the solar disc has the aspect of a 
luminous circle, except when its image is deformed by 
refraction. Measures that have been made with the 
aid of instruments called heliometcrs^ prove that thg 
diameters of the Sun's disc are perl'ectly equal. Not 
the sliglitest indication of flattening has been detected 
on any side. 

The apparent dimensions or angular measui*e- 
ments of this disc are very nearly those of the Moon ; 
sometimes smaller, sometimes rather larger than the 
latter, hence the eclipses of the Sun produced by 
interposition of the obscure disc of the new Moon, 
are sometimes total, sometimes annular. Its apparent 
diameter is rather more than half a degree ; but it 






Kg. IZ— Apparent Dlmcnaions of the Sun's Disc at the Periods of Perihelior^ 
Aphelion^ and at its mean Distance fix)m the Earth. 

varies with the period of the year, because, as the 
Earth describes around the Sun an elliptic orbit, the 
distance which separates these two bodies differs con- 
stantly. About the Ist of January this distance is 
' the shortest possible; the Earth is then at its perihe- 
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lioD, and the solar disc appears of its largest dimen* 
sioiis, about 1955^ seconds. At the aphelion, on the 
contrary (about the 1st of July), this distance is the 
greatest and the Sun's apparent diameter the smallest 
possible ; it measures then only 1891 seconds. Lastly, 
its mean dimension is represented by 32' 3'''64 or 
1923^ seconds, and occurs when the Earth is at its 
mean distance from the Sun, i. e. about the 1st April 
and 2nd or 3rd October. In this case the entire cir- 
cumference of the horizon, or any other great circle 
of the celestial sphere, would be filled by the juxta- 
position of 673 discs similar to the solar disc, placed 
so as to be tangential to each other at the extremities 
of their horizontal diameter, 685 discs would be 
required at the aphelion, and 662 only at the period 
of perihelion. 

At sunrise and sunset the Sun appears much larger 
than when it has risen to a certain height in the sky : 
the more it approaches to the zenith the smaller it 
appears. This is the case with all celestial bodies ; 
the Moon and the various constellations appear near 
the horizon of an unusually large form. As I have 
given in my work on the Moon (' La Lune,' p. 27) the 
explanations which have been proposed by vai'ious 
'observers to account for this curious illusion, I shall 
not refer again to them here.* 

The variations of the apparent diameter of the 

* [Many explanations have been proposed. It is a curious fact, but 
weU known to astronomers, that the apparent diameter of the Sun or 
Moon at the horizon is precisely that whidi it shows at the zenith ; if 
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Sun at different periods of the year concern us par 
ticularlj, for, the intrinsic intensity of its light and 
heat remaining the same when the distance increases^ 
it follows that the amount of light and heat received 
by the surface of the Earth varies with the apparent 
superficies of the disc. An easy calculation shows 
that this variation is represented by the numbers 
10,335— 10,000— and 9,663. Hence, about the Ist' 
January the Earth receives from the Sun more light 
and heat than on the 1st April or 1st October by 
335-10,000ths ; the reverse occurs about Ist July. 
This appears somewhat in contradiction with the £BMBt 
of variation of heat which constitutes the differeut 
seasons, since the period at which the Earth reoeivcB 
the most heat from the Sun coincides nearly with our 
coldest weather in the northern hemisphere, whilst 
that at which it receives the least corresponds to the 
hottest weather in the same hemisphere. To explain 
this apparent anomaly would lead us far into an 
astronomical and physical discussion of the seaaonfl^ 
and cause us to deviate too far from our subject. Kot 
to do this, let us say a word about the apparent di- 
mensions of the solar disc as seen from the surface of 
the other planets. 



there be a slight diflTerence, the disc at th ^ hori<»n . rather 
than when seen at the zenith, as we can assure ourselves by mioromatr c 
observation. We have often noticed, moreover, that the illuBkni di 
appears entirely when the disc at the horizon is observed throngb 
tnbe of paper — a roll of music, for instance, it appears, therefoni t» 
b« an optical illusion owed to contrast. — P.] 
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It is from the surface of Mercury, the planet 
rhich, as far as we know at present, is the nearest 
3 the San, that the central orb would be seen of the 
irgest dimensions, and from Neptune, the farthest 
way, that it would appear the smallest. To avoid 
noting numbers, which the mind retains with dif- 
culty, we have placed on the following page a figure 
Sg. 13) showing the comparative sizes of the solar 
isc as seen from the various planets at their mean 
istances from the Sun. It is well understood that as 
dLch orbit or curve, in which they revolve round the 
antral orb, is of an elliptic form, the distances of 
ich planet from the common focus varies in the 
3urse of their revolution, as we have seen to be the 
Stôe with the Earth ; hence corresponding variations 
1 the apparent diameter of the Sun, which is at its 
laximum at each peiiheliou, and at its minimum at 
ach aphelion. 

If we only take into account the apparent dimen- 
lons of the solar disc, in order to estimate the com- 
parative intensities of the light and heat radiated 
pom the Sun to each planet, an easy calculation gives 
is the following results, the light and heat received 
»y our Earth being taken as unity : — 



Mercury, . 


. e-evs 


Sylvia, . . 


, . 0-082 


Venus, . . 


. 1-910 


Jupiter, . , 


. . 0-037 


Earth, . . 


. 1-000 


Saturn, . . 


, . 0-011 


Mars, . . 


. 0-430 


Uranus, . , 


. 0003 


Flora, . . 


. 0-206 


Neptune, 


. . 0-001 



Thus, on the surface of the planet Mercury, the 



3 



.. ,1 
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beat and light of the San have an intensity 667S 
greater than at the soHaee of Keptune ; Merc 
lifted and heated nearly seven times as much 
Earth. Let ns not forget, however, that reda 
the solar disc may appear at the confines c 
planetary system (its apparent diameter is ther< 
=1' 4'^ tlie brilliant orb shines at this enormoi 
tance with the brightness of forty-four millic 
stars of the first magnitude. 

It is true that, in order to compare the ca 
and laminons intensities of the San at the surfi 
the different planets, that is, on varions parts of 
soil, we should know something of the constituti 
their atmospheres, and in what proportion wa\ 
light and heat are absorbed in passing through 
gaseous or vapory envelopes. We have already 
the extent of the absorbing power of our E 
atmosphere upon the solar rays, and how much 
intensity is diminished at tlie horizon. It nu 
that Mercury, for instance, has an atmosphere o1 
density and composition that the soil of that ] 
does not directly receive more heat and light thf 
soil of the Earth does ; on the other hand, it 
possibly receive much more than is indicated h 
foregoing table. We have, as yet, very few dati 
earning the atmospheres of planets, and with r 
to the question now before us, we are wel! 
reduced to mere conjectures : we only mentio 
subject at all, in order that our readers may not 
erroneous inferences fi'om imperfect or incon 
ions. 
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§ nL — ^DisTAHOi or TBI Sun trom thi Easth. 

Wliat Is the Parallax of a celestial Body ? — How to measare an inao* 
Cc'ssible Distance ; horizontal Parallax — ^Measure of the Sun's Par- 
allax ; the Method used by Aristarchus of Samos ; Oppositions of 
Mars and Venus ; Passage of Venus. — The Sun's Distance deduced 
from the Velocity of Light and the Constant of Aberration. — Time 
that would be required to reach' the Sun from the Earth ; Light, 
Sound, a Cannon Ball, a Railway Train. 

When you assert to a person unacquainted with 
the science of mathematics, that astronomers have 
been able to measure the distance of any celestial 
body from our Earth, your assertion is often received 
with a smile of mcredulity. Unless, indeed, the per- 
son in question places implicit faith in what you say, 
and accepts the statement as a sort of scientiiic mira- 
cle, from having become accustomed to so many mar- 
vellous applications of science in modern times, and 
feeling inclined, to believe almost anything. 

The present question is, nevertheless, one of sur- 
prising simplicity from a theoretical point of view, 
consequently easy to understand, but nevertheless 
very diflScult and complicated in actual practice. In 
this case, and in many others, we shall have to adopt 
an opinion very diflFerent from that which is common- 
ly received by the public at large. Let us endeavor 
to prove this with regard to the Sun's distance from 
the Eaith — a distance with which we must become 
acquainted before we can calculate its real size from 
its apparent dimensions. It is, moreover, one of th^ 
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hkxs îaiwwtastt âxta in aistronomical science: the 
^it'$ ckc;Kace is die imif of measure which is appUed 
fK> aI; vacher di^tafl>^û^ tâther în the solar world or in 
tho nxxft ^iïs^rijucti wssrwes of the heavens known as the 
$ul;jùr wwK J^ vvr the UmTia«e. 

In tho 1^1^ pl*c^ we niuàt define the meaning of a 
wvv\i whk'h ^vicurs freqiKmtlT in the language of 
ft$txv^»04iK>f^ wb<»i ther haippen to speak of distance. 
Thî^ xivïvi k jf^JNtlhur : we hear them speak of the 
Hix^nV )\iimU;jix, the San^s parallax, the parallax of a 
s^tiur^ 1^. What is the parallax of a celestial body ? 
It is this : — 

In otder tii> mesusnre the distance that separates ns 
from anT pn^nt which we cannot approach — such is 

^ the case for the Sun, the Moon 

.' and the stars — ^the observer first 

makes choice of a base. Sap- 
pose he is at a point A (Fig. 14) 
he traces upon the ground from 
this point A a straight line AC. 
This line is the basis of his 
operations, and all he requires 

Ai:, u~now J m<^^T^"ii»« 5^ that it shall be straight and 
dèt*tt<*<rf«ftin*<«»sàfei«ï»uiu of kuown length, and that its 

two extremities A and C, shall be of easy access to 
him. At A he measures the angle B A C, which the 
visual ray of the distant object forms with the base 
line. At C he likewise measures the angle formed by 
the visual ray C B with the base. Xow it is evident 
^hat these two determinations can be made simulta- 
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neonsly by two observers, one at A, and the other at 
C, both of whom look at the object B at the same 
instant. 

It does not require much knowledge of mathe- 
matics to see that the triangle A B is now known 
by one of its sides A C, the angle A and the angle C ; 
and that to solve the question of distance we have 
only to construct a similar figure on paper. By then 
measuring with the same scale A C, either the line 
A B or the line B 0, we shall know, without approach- 
ing in the slightest degree the point B, what is the 
exact distance which separates us from this point. 
This is a process which engineers and surveyors con- 
stantly resort to when they wish to measure a given 
distance over which they do not feel inclined to 
travel. 

Let us return for a moment to the triangle A C B. 
Its three angles, like those of any other triangle, are, 
as every one knows, equal to 180°. Therefore, since 
the two angles A and C have been measured, their 
sum can be deducted from 180°, and what remains 
will be the value of the angle B. Now what is this 
angle B otherwise then the visual angle at which an 
observer placed at B would see the base line A C ? It 
is also, if we like, the angle which measures the ap- 
parent motion of the object B as the observer proceeds 
from A to C : it is this particular angle that astrono- 
mers call the parallax of the object B, whether the 
latter be the Moon, the Sun, or a planet, &c., whose 
distance from the Earth they wish to ascertain. 
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Let T (in Fig. 15) represent our Earth, and E tbe 
celestial body whose distance we wish 
to know. We require to find the value 
of E T, the distance from the centre of 
the Earth to the centre of the pianet, 
Moon, or Sun. An observer placed at 
A on the line E T sees the Sun at the 
t aenith^ whilst a second observer, placed 
at B, measures the angle E B Z, which 
measures the distance of E from his 
zenith. This gives him the angle E B T. 
Moreover, the angle A T B is known : 
it is expressed by the difference of lat- 
itude between the two observers if they 
are on the same meridian. The radios 
of the Earth T B is likewise known; it 
»^ ?\^ iVu'*''* forms the base of the triangle. A very 

simple calculation will, therefore, allow 
\18 to tiud the vaUio of T E. As to the parallax, or 
tht^ angle T K \\ it is so much greater the farther 
H and A an^ separated, until one of the observers 
irt at C Nvhere the Sun would be seen by him at the 
horizon ; that is why the parallax, in these circi^m- 
HtMiu'es, is called a horizontal paraUax. 

By means of special operations, which are more 
or less complicated according to circumstances, astro- 
lUMuera calculate this parallax for each celestial body, 
and by its means they obtain its distance from the 
Earth. Our readers will see that it might be accu- 
rately defined as the angle which, to an observer 
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placed npou the celestial body, woald be subtended 
by the Earth's radius. 

It will now be easily perceived that the further 
the celestial body is removed from the Earth, the 
smaller will be this angle — ^its parallax — or the smaller 
would the radius of the Earth, as seen from the 
celestial body, appear. The truth of this is verified 
every day when we look at distant objects on the 
Earth's surface; the greater the distance that sepa- 
rates us from them the smaller they appear. 

The older astronomers had endeavoured, like the 

modems, to ascertain the Sun's distance, or, in other 

terms, to take its parallax. But this is a very delicate 

problem in actual practice, because the Sun's parallax 

forms a very small angle indeed ; they tried to escape 

the diflSculty by comparing the distance of the Sun 

with that of the Moon. The latter being much nearer 

to the Earth was approximately known, at least in the 

time of Hipparchus, a Grecian astronomer who lived 

at Alexandria about 2000 years ago. Thus, Aristar- 

chns of Samos, 260 years before the Christian era, 

remarked very truly that the centre of the Sun, the 

centre of the Moon, and the eye of an observer, form 

the three summits of a triangle LTS (Fig. 16) in 

which the angle L is a right-angle when the Moon is 

at a quadrature^ that is to say, when the light and 

dark portions of the lunar disc are separated by a 

perfectly straight line. Taking note, precisely, of 

this instant, either at the first or last quarter of the 

Moon, Aristarchus measured the angle LTS which is 
8 
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subtcnded bv the distance of the Moon from the Sun, 
and deduced from it the ratio of the distance ÏS (the 
Sun's distance) to the distance TL (that of the Moon). 
iJut this method is not suflSciently precise, and the 
Sun's distance from the Earth, as found by Aristar- 
chns, was very much too small. The same may be 
said of that employed by Hipparchus, and after him 
by Ptolemy, which consisted in measuring the diame- 




Fig. 10.— Doterminntion of the San*8 distance by the xncUiod 
of Aristarchus of Samos. 



ter of the Earth's shadow in eclipses of the Moon. 
Up to the seventeenth century, things were in no bet- 
ter state with regard to this subject ; the parallax of 
the Sun was set down as equal to three minutes, which 
would make its distance equal to 1146 times the 
Earth's radius, or only about 5,000,000 miles. We 
shall see that it is much greater than this. 

Kepler, Riccioli, Hevelius, and Yendelinus, though 
they still made use of the method invented by Aris- 
tarchus, were provided with much better means of 



DISTANCE OF THE SUN FEOM THE EARTH. 115 

observation, and reduced the parallax of the Sun suc- 
cessively to two minutes, to twenty-eight seconds, and 
finally to fifteen seconds. The latter figure, never- 
theless, is nearly twice as large as it should be. 

However, Kepler made another kind of determi- 
nation, possible. This great genius discovered three 
astronomical laws, known among the moderns as 
Kepler^s laws^ which govern the motion of all the 
planets round the Sun, and one of which establishes 
a connexion between the duration of their revolu- 
tions, and their mean distance from the common focus. 
Therefore, before knowing these distances with abso- 
lute accuracy, before being able to express them by 
means of a well-determined unit, it was possible to 
calculate with precision their relative values. Thus, 
thc-distance of the Earth from the Sun being consid- 
ered as this unit of measure, that of Venus is 0*723, 
that of Mars 1*524. It resulted from this that if the 
distance of any one planet from the Sun were known 
with accuracy, that of all the others could be at once 
calculated without difficulty. Instead of seeking to 
determine directly the distance from the Earth to the 
Sun, or the solar parallax, it was sought to determine 
by observation and calculation the parallax of Mars 
and that of Venus at the periods when these planets 
are at their least distance from the Earth ; that is 
when Mars is ' in opposition ' and Venus ' in conjunc- 
tion.' 

By means of these observations on Mars during 
the last two centuries, the Sun's parallax was found to 
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be W by Cassini, 6" by La Hire, 10" by Maraldi, from 
*J to 12 seconds by Pound and Bradley, and 10"-5 by 
Laeaille. We give these resalts to show how fiu* 
observers still were Irom an accurate knowledge of 
the Sun's distance, even at this comparatively ad- 
vanced period of learning. 

A new method sprang up, however, and gave 
much more certain data. In 1761 and 1769 Venus 
passed over the Sun's disc, and tlie illustrious English 
astronomer, Halley, had announced beforehand how 
interesting these passages would prove in enabling 
astronomers to calculate the Son's parallax. We 
could not, without entering into too many details, 
exhibit here the method of observation recommended 
by Halley and practised by the astronomers of the 
eighteenth century. We must content ourselves with 
stating that wlien Venus comes into conjunction be- 
tween the Sun and the Earth, this planet is consider- 
ably nearer to us than the 
Sun is. Its parallax is there- 
fore greater than that of the 
Sun and consequently much 
easier to observe. Observers 
placed at ver}" distant points 
on the Earth's surface will not 
see the planet pass over the 
Sun's disc (as a black spot) at 
the same points ; for some of 
them the planet will appear 
at V (Fig. 17) and pass along the line B V A ; for 




Fig. 17— Sun's parallax deter- 
mined by the passage of Venus. 
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others it wîU be seen at V, and will describe the cord 
D V C. As these cords are of unequal lengths the 
duration of the passage will not be the same for each 
observer. Now from the difference of these durations 
we can deduce the difference between the parallax of 
Venus and the Sun's parallax ; and as we know the 
ratio of the one to the other, it is easy to calculate 
each of them. * 

When we say ^it is easy* it must not be imagined 
that the calculation can be made with one stroke of 
the pen : on the contrary, it is a very tedious and 
laborious calculation ; what we mean is that that dif- 
ficulty is reduced to mathematical calculation, the 
accuracy of which depend^ solely upon the degree of 
precision with which the observations have been 
made. 

The astronomer Encke, by re-investigating the 
data obtained by the passages of Venus during the 
last century, found for the Sun's parallax the amount 
8'''57 which has been generally adopted to within the 
last few years, and gave as the Sun's mean distance 
from the Earth about 24,000 times the equatorial 
radius of our planet. But philosophers are never sat- 
isfied. When a certain degree of precision has been 
attained they ask for still greater precision, and thus 
Bcience progresses without intermission. 

The parallax of the Sun as deduced, according to 
certain known methods, from the theory of the Moon's 

* For more aihple details on this subject see the author's work * The 
HeaTens,* Book IIL of which we now possess an English translation. 
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nonon- .ina jiào ttoiil "he Tpemrrbactoixs or die plazKtSy 
ïCTieaxcd "o erraui ,:ponietnL*iajis« rLmnngr ^i^om we 
.TLUit ir^i.re IL 1^.- '^•irrier* ro req^aire :i aomewiiAt 
.creiiter "LniiLi.er ^r.iiTi :n;vc rbniLd yv Kneke. a. vàrcani- 
"jtanee "vni^ii vouIll "emi :o reduce rhe San"* disonce 
iom -he Ziirth- 

' }tl zhô jîher hand. Lk^il Foncanit Tiav rng deter* 
mintri. "">v i aew md -^ery laremi aeir of oxpesdnieiitay 
the •:'eiûciî:7 ^i i^t ^n "he Ejrth'i sarîace, and har- 
ins romid :t "lo ^e 2i>>. J« ».» kfiometre» IdfijjJOO miles) 
ner ^5e<?oTiLL -las 'mabit-i as jd «iraw^ the &IIûwiiig 
•îOTKiî usions: — 

X îeieàtiai phenomenoiL. «?ailed abemtion, long 

kno^vn ~o istmnoniers, imtl aiea&iire»l widi very great 

T)rei*ision, ia a '!t>Tiâe<ijieni:e ot" rhe motion of light and 

^he T/an>Iar,:rr nicô.n .c ~he Zjrth -ioaLbiiied. ]S'ow 

a •'^r";\!ri xi:r.',/er ^".lii::! j[^}raeTricLaas eail the constani 

r,t iir^^T'iT'On iht;^^ tlia: the velocity of light through 

at^acft ;a -^xaiirlj 1"'. 0«) •i'.iie? t::e mean veL^city of the 

hnî^n. I:*- therer'.jre. tliese experiments of Léon Fon- 

oj!>i,\\t arf; correct in f/ilows ±an the Earth moves 29*3 

ki.'»rr.f;r.rfr^, : lS-*î Truies, per second. From this we can 

caU'.TiUt>; the fii-^tance it travels in a year, that is, it? 

orl/it ; find this orbit, once known, its mean radius, or, 

\u o\Lr tf^rma, the Earth's mean distance from the 

Hhti i» d^duml 06 a mathematical consequence. 

' in tl.'iH manner a figure is obtained for the Sun's 
dlstancn which corresponds to a parallax of 8-S6 

T , r.capituhvte: the passages of Yenns furnished 
- - ^ith the number 8"-57; celestial mechanics 
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and certain observations of the planet Mars give 8'''95 ; 
the velocity of light 8''"86. There still exists, we see, 
a certain amonnt of uncertainty which, it is hoped, 
will be entirely dissipated by the observations of the 
coming passages of Venus over the Sun's disc in 1874 
and 1882. 

We shall certainly not be very far from truth if 
we adopt, for the present, the parallax 8"'9. By 
doubling this we get 17"*8 as the angle subtended by 
the diameter of the Earth as seen from the Sun : this 
angle is so small that, at such a distance, our planet 
would not appear anything more than a dim star 
somewhat similar to Saturn as seen by the naked eye. 
But let us return to the Sun's distance. 

The parallax 8'' '9 gives for the Sun's distance from 
the Earth 23,189 times the length of the equatorial 
radius of our globe, that is to say, about 147,910,000 
kilometres (91,308,642 miles). In round numbers 
let us say 23,200 radii of the Earth, or 148 million 
kilometres (upwards of 91 millions of miles.)* This 
would represent the Sun's mean distance from the 
Earth, when the latter is in that part of its orbit 
which corresponds to the first days of April and the 
first days of October. The extreme distances differ 
from one another by 778 times the Earth's radius, or 
6,000,000 kilometres (3,087,037 miles), so thatin winterf 

* [Until recently 96 millions of miles has been generally adopted 
bj astronomers.] 

f [The inhabitants of the Antipodes, for instance the Australians, 
experience the reverse of this, being three millions of miles nearer to 
the Sun in summer. — P.] 



e are some three millions of miles nearer to the Sua 
than in snmmer. To sum up we have then, — 

Diitance Irom the Sun to the Earth. ^m 

EqnitoTinl KadlL Id ItOet. ^H 

Aplielian 23,580 92,633,333 ^H 

Mod 23,190 91,808,6*8 ^B 

Perihelion 22,800 B9,771,BM 

We must not look upon these numbers as abso- 
lutelj true, bat the; cannot be very I'ar short of truth. 
It is essential here that we should have a sufficiently 
accurate notion of these distances as compared with 
those we are in the habit of measuring upon the 
Earth's surface, and so to realise the immense distance 
at which the Sun is placed from the planet that we 
inhabit. Further on we shall see that even this enor- 
mous distance vanishes to a mere point before the 
dimensiuna of the sidereal world, or that portion of the 
Universe which is accessible to our telescopes. A 
few familiar comparisons will render the first of these 
assertions tolerably evident to all. 

In the first place, we will allude to light which 
propagates itself in a straight line with an uniform 
velocity of 298,000 kilometres (186,000 miles) per 
second. In coming from the Sun to the Earth i 
requires i96"-35, or 8° 16'-35 to pass over the 91 
millions of miles. A cannon-ball weighing 24 pounds, 
shot from the gun with 12 pounds of powder, accora- 
plishes 545 yards in the first second of lime. If it 
kept up this velocity to the end of its journey il 
would require 9} years to reach the Sun. 
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If the space which is comprised between the Sun 
and the Earth were capable of transmitting sound 
with the uniform velocity of 370 yards per second — 
which is its velocity at 60° Fahr. in our atmosphere 
— ^it would require no less than 13f years. If an ex- 
plosion occurred on the Sun it would then be about 
14 years afterwards that we on the Earth should hear 
the noise of it. 

Let us imagine a line of railway connecting our 
globe with the Sun, a train proceeding directly, with- 
out any stoppages, and at the uniform rate of 30 miles 
per hour, would arrive at the Sun in 337J years. By 
leaving the Earth on the first of January, 1869, we 
should arrive at the end of our journey towards the 
latter end of the year 2206 ! 



§ i. BxAL Dimensions or the Sun. Its Mass 

▲HD ITS DkXSITT. InTKNSITT OT G1U.YITATION AT ITS SURFACB. 

For tlie Sun to appear to us in the form of a disc 
having so large an apparent diameter in spite of its 
enormous distance from us, it is evident that its real 
dimensions must be something prodigious. The solar 
globe — we shall see presently that the circular form 
of the disc is owing to the Sun's spherical figure — has 
indeed a diameter which is no less than 108 times as 
large as that of the Earth. This proportion of the 
diameter of our planet to that of the Sun is rendered 
more evident thus : the solar parallax doubled gives 
the apparent diameter of our Earth as seen from the 
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Sun, that IB 17^*8, and the mean apparent diameter 
of the Snn as seen from the Earth being 32' 3"'64 or 
1923"-64, it is only necessary to divide this by 17'8 
to get very nearly the ratio of the two diameters ; in 
making the exact trigonometrical calcnlation we ob- 
tain: — 

D = 108186 d 

If we pass now to the dimensions of the Snn ex- 
pressed in miles, square miles, and cubic miles, we 
find : that the radius of the central orb of our system 
is about 426,000 miles ; the circumference, or measure 
of one of its great circles, would be 2,672,222 mUes, 
which is about 108 times the corresponding dimen- 
sious of our Earth. The surface of the Sun, including 
itp luminous envelope, which so dazzles our eyes, is 
scarcely less than 12,000 times that of our globe, or 
in round* numbers about 2,300,000,000,000 square 
miles ; whilst its volume must be expressed by 323,- 
000,000,000,000,000 cubic miles, or thereabouts. 

Perhaps the best means of appreciating so vast a 
figure is to compare it with the volume of our Earth 
itself, which is about 260,000,000,000 cubic miles, we 
find nevertheless that the volume of the Sun is equiva- 
lent to 1,273,000 terrestrial globes. The Earth is by 
no means the largest of the planets, since Jupiter, 
Saturn, Uranus, and Neptune, are respectively 1230, 
685,74, and 85 times as voluminous as our planet, 
^■^t if all the planets known, together with their 
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satellites, were fused together into one globe, we should 
find that the volume of the Sun was still 600 times as 
great as this agglomerated mass. The Moon is se- 
parated from us by a distance equal to 64 times the 




Fig. 1S.I — ^The otronmferencc of the Solar globe compared to the orbit 

of the Moon. 



Eai'th's radius, still, supposing that the centre of the 
Sun coincided with that of our globe, not only would 
the entire lunar orbit bo comprised in the vast solar 
sphere, hut we should have to add to the width of this 
orbit 48 more radii of the Earth in order to reach the 
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external surface of the ceotral orb of our system 
ThiB is represented in Fig. 18. 

The great importance of the Sun among the celes 
tial bodies which gravitate around it, is better under, 
stood when they are all represented to scale, both as 
regards their respective sizes and their various dis- 
tances. This is the object of figure 19. (See Frontis- 
piece.) It is nseful to exhibit these relative dimen- 
sions and distances by means of familiar figures and 
well-known measures. 

Suppose that we represent the Sun as a sphere 
having a diameter of 4 inches, the Earth will then 
have to be represented as a minute grain less than 
3-l(0ths of an inch in diameter, which we must place 
at a distance of 22^ yards from the former, to place its 
real size and distance from the Sun in harmony one 
with the other. If the Earth be represented by an 
ordinary geographical globe, such as are used in 
schools, the diameter of which is about 1 foot, the 
solar globe to correspond must be placed at a distance 
of 2i miles, and be represented by a great sphere 35 
yards in diameter. Jupiter, the largest of the planets, 
would likewise be represented by a globe 3J yards 
wide, which would have to be placed at 11 miles dis- 
tance ; Saturn would be a globe 3^ yards wide placed 
at a distance of 20 miles. 



What is the Weight of the Sun? — Some Notion of an Astronomer'fl 
Balance, or how Astronomers estimate the Weight of the heavenlj 
Bodies. — How many Globes equal to our Earth would be required 



\ 
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to counterpoise the Sun. — ^Weight of Bodies on the Surface of the 
Sun; its Mass compared to that of all the Planets put together. 

Having spoken of the dimensions of the Sun, let 
Qs pass to another portion of our subject and speak 
of its mass, or the quantity of matter contained in this 
immense spherical volume. We will see how astron- 
omy replies to this inquiry, which has even more 
right to excite astonishment and to give rise to incre- 
dulity than that concerning the distances of celestial 
bodies. 

What is the mass of the, Sun as compared with 
that of our terrestrial globe Î If we conld imagine a 
balance or pair of scales enormous enough to hold the 
Sun in one of its pans, how many Earths should we 
have to put into the other pan to counterpoise it ? 

This is not exactly the proper place to explain by 
what methods of deduction and observation, calcula- 
tion and reasoning, astronomers have been able to 
solve this curious problem of celestial mechanics, and 
how they have been able to ascertain the weights of 
the Sun, the Earth, the Moon, the other planets and 
their satellites. We can only mention the principle, 
or starting-point, and show how possible it is to solve 
the problem in question. 

The principle is that of universal gravitation, the 
iîlory of formulating' the laws of which belongs to 
Newton, and to which he appended the three laws of 
the immortal Kepler as natural consequences. Any 
two material points, said Newton, tend or gravitate 
towards each other with a force which is proportional 
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to their masses, and which decreases as the square ot 
their distances increases. 

The Sun and planets, in one word, all the different 
bodies of the solar system, having a form which is very 
nearly spherical, each one acts upon the other as if its 
mass were concentrated to a single point placed at its 
centre. This is a second fact for which we are also 
indebted to the English geometrician. 

A planet, such as the Earth, in circulating round 
the Sun, may be considered as subjected to two forces, 
the one called gravitation, by which it tends to ap- 
proach the Sun ; the other which, if it acted alone, 
would, on the contrary, remove the planet indefinitely 
from the Sun. The incessan t combination of these two 
forces produces the elliptic movement (revolution) of 
which we have already spoken, and of which Kepler 
found the law which applies to all the planets. Putting 
aside, as a matter of very secondary consideration, the 
actions exercised by the other globes of the solar system, 
the following is the manner in which the respective 
masses of the Sun and the Earth have been calculated. 

What must be done to enable us to compare these 
two masses Î We must find out what would be the 
force with which each of them would act U[)on a given 
mass of matter in virtue of gravitation, provided that 
this mass were placed in each case at equal distances 
from the two others. And as the said force can be 
measured by the space described in the first second of 
time, the problem may be put thus : — 

What space would be passed over in the first second 
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by a body falling by gravitation, that is, by the action 
of the mass of the Earth to a distance equal, say, to 
that of the San from the Earth ? And what would be 
the amount of space described in the same time by a 
body falling through an equal distance towards the 
Son by the influence of the solar mass ? 

Now, direct experiments have shown that in onr 
latitudes a body which falls freely in a vacuum by the 
action of gravitation, that is, by the action of the mass 
of onr globe supposed to be concentrated at its centre, 
travels over a space of 16 feet in the first second of 
time. The distance to the centre of the Earth from 
London is about 4000 miles. If the falling body be 
removed to the mean distance of the Sun, the space 
travelled over in the first second by this body as it falls 
towards the Earth would be reduced in the inverse 
ratio of the squares of the two distances 4000 miles, 
and 91,308,642 miles ; and so would the acquired ve- 
locity, which would be then represented by 0-000,000,- 
006 of a foot. 

We must now ascertain how a body, placed at the 
distance of the Earth from the Sun, falls to the latter 
by the action of its mass in the first second of time. 
He knowledge of the dimensions of the Earth's orbit, 
and of the mean velocity of the Earth in this orbit, 
allows us to make the required calculation, the details 
of which we wiU not give here, and we find 0*001 of 
a foot for the space passed through in the first second 
by a body falling towards the Sun, and the double of 
this number, 0*002 of a foot, for the velocity acquired 
in the same time. 
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The comparison of the masses of the Earth and 
Son is the immediate consequence of these two results : 
the mass of the Snn is to that of the Earth as the 
number 0*002 is to 0-000,000,006. A simple division 
gives the ratio 333,333. 

This number which we have arrived at by an ele- 
mentary method, simply to show how the problem 
may be solved, and neglecting certain important .ele- 
ments of the question, is not the figure usually admit- 
ted. Astronomers have found the mass of the Sun to 
be equal to 325,000 times that of the Earth. The ques- 
tion before asked can, therefore, be answered thus : — 
325,000 Earths wovld weigh as mnoh as the Sun. 

Now, every one knows that the specific gravity, or 
density, of our globe has been found by different 
metliods, and that the mean density of the Earth is 
fixed at 5*44, or thereabouts. The Earth weighs then 
5*44 times as much as a similar volume of water. On 
multiplying this number by 326,000, we find the total 
weight of the Sun, which, reckoned in tons, gives us 
the frig^itful figure 

2,154,106,580,000,000,000,000,000,000 tons. 

The mass being known, we may divide it by the 
volume of the Sun, in order to find the specific gravity 
(or the density) of the matter of which it is composed, 
which is found to be 0*25136 (or nearly one-fourth) 
that of the Earth taken as unity. In other terms, 
taken in equal volumes, the weight of the matter 
which composes the Sun, is scarcely more than one- 
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quarter of tbe -weight of that which composes oar 
globe. Compared to water tbe density of the Sna ia 
1*367. The most compact kind of coal has a Epeciâc 
gravity of 1"36, that of phosphorus is 1-77- Therefore 
the Snn weiglis a little more than a glohe of coal of 
the same dimensions, mnch less than s globe of phos- 
phorus. 

As tbe SuQ is, after all, the body which preponde- 
rates over all tbe orbs which revolve in our system, it 
is interesting to compare it with each of them, at 
leaet with the principal planets, and to show at one 
glance the ratio of its mass, dimeusions, density, &c., to 
theirs. This is done in the following condensed table, 
ivhere all these rosults are summarised : — 
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Many interesting considerations can bo dra^vn 
from tlio simple inspection of this tabic. 
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On adding leather the volâmes of all the principal 
planets, \re find that tliey giye a total equal to 2077 
times the volume of the Earth ; adding to this tho 
telescopic planets and the satellites of Jupiter, Saturn, 
Uranus, and Neptune, we should not increase the figure 
to more than 20S0 at most, and this is contained 612 
times in the number 1,273,000. The volume of the 
Sun, therefore, surpasses that of all the other planets 
together more than 600 times, as we stated previously. 

If we consider the masses we find in like manner 
that their total is equal to 432 times that of our Earth, 
and that it is only about the 704:th part of that of the 
Sun. 

The four larger planets have each a specific gravity 
(density) which approaches very closely to that of the 
Sun, whilst the four planets of medium size, and the 
Moon, are formed of a much less dense substance; 
their mean density is 0*940, a figure which is nearly 
4 times that which represents the density of the Sun. 

There is a fifth column in our table where the in- 
tensity of gravitation at the surface of each planet, 
and at the Sun's surface, is indicated. This is what 
these figures mean : — At the surface of the Earth a 
body abandoned to itself in a vacuum, fails, at the 
end of one second of time, with an accelerated velocity 
which is equal to 32 feet. The space over which it 
has travelled up to that point is half as great, or 16 
feet. It is this accelerated velocity which serves to 
measure the energy of terrestrial gravitation ; it de- 
pends on the mass of the Earth, which mass is invari- 
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able ; it depends also on the distance from the centre 
of the Earth at which the body b^ins to fall. The 
same element being calculated according to the known 
masses of the planets and their respective dimensions, 
gives US the numbers in the fifth column of our table, 
which permits us to calculate what would be the 
accelerated velocity of a heavy body after falling for 
one second of time at the surface of each celestial orb. 

At the Sun's surface this accelerated velocity is 
27*366 times that of a body falling at the surface of 
our planet, or 872 feet ; the space travelled over in the 
first second would be the half or 436 feet. 

Thus we see that bodies on the Sun's surface must 
weigh 27 times as much as upon the surface of the 
Earth, 29 times as much as upon Venus, more than 
66 times as much as upon Mercury, but only 11 times 
as much as upon the surface of Jupiter. In other 
terms, if a one pound weight which upon the Earth 
causes the spring of a dynamometer to yield till it 
marks 1 lb. were carried to the surface of the Sun, it 
would there cause this spring to yield to the division 
which marks 27*366 lbs. The projectiles used by 
artillery, as M. Liais has shown, would, consequently, 
hare a very small range on the Sun's surface. They 
would describe very considerable curves, and would 
fall to the ground at a few yards from the muzzle of 
the gun. It would require an immense charge of 
powder to send them to the distance to which they 
can easily be shot upon our Earth. 

Upon the Earth the centrifugal force developed 
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by the rotation of our globe diminislieB tbe weight of 
bodies in a proportion which goes on increasing as we 
approach the equator. Upon the equator itself the 
total diminution is l-289th. Upon the San the cen- 
trifugal force at the equator is scarcely more than the 
1-1 8,000th part of the body's weight. The Sun would 
have to turn upon its axis 133 times quicker to coun- 
terbalance the effect of gravitation at its surface, so 
tliat a body would be deprived of weight ; whereas 
our Earth would only have to turn 17 times quicker 
to deprive all bodies on our globe of their weight 
The very small amount of centrifugal force at the 
Sun's equator, compared to the intensity of gravita- 
tion at its surface, explains the absence, or, at least, 
tlie very small amount, of flattening observed on the 
solar globe, all the diameters of which, measured from 
the Earth, appear to be perfectly equal to each other. 



CHAPTER IV. 

BOTATION OF THB SuN. 



§ I. DiSGOTERT or mX SUN*8 ROTATIOX 

Fftbridiis, ilk 1611, discovers the Spots of the Sun and their apparent 
Motion. — Galileo determines the Duration of their yisibility, and 
that of the Sun's Rotation. 

The solar globe rotates round one of its diameters, 
with an uniform motion in the space of about 25 days 
and a half. 

The discovery of this fact, so important to the 
progress of astronomy, dates from tbe beginning of the 
seventeenth century, the period at which it was first 
given to man to observe the surface of the Sim with 
the newly-invented instrument called a telescope : it 
appears to be incontestably due to Johann Fabricius, 
to whom all the honor of it must be ascribed, as is 
proved by the paper which he published on the subject 
in 1611. But both Giordano Bruno and Kepler* 

* It is rather remarkable, sajs numboldt in the third volume of his 
OosmoBy* that Giordano Bruno, who was burnt at the stake eight years 



»i$;^N«td ait tlie Sva wu endowed with a rotatory 
■Ki<«ktt ^^ its^ axis; and Galileo, who discovered the 
isoijur ${v<s ii^dependentljr the same year that Fabricins 
£rs4 ^w àefflu w«s not kmg in arriving at the same 
<KVM^tt^k^l as^ the Dutch observer. The following are 
thi^ cîxt«uisiano(£ in which this interesting discovery 
wa^niade: — 

Chu» daT« as Fahricios was observing the solar disc 
br miMm$ i\f a telescope, he noticed with snrprise a 
blackish spot v>f considerable size, which he first took 
to be a cload^ upon the snrface of the Sun. On ez- 
amininjT it atl^nrivel v he found that he was mistaken 
as to its beimr ^ cloud ; but as the Son mounted higher 
in the heavens he was unable to continue his observa- 
tion (for in those da>*s the idea of using dark glasses 
tor olvsorving the Sun had not yet occurred), he was 
obliged to postpone his examination of the singular 
phenomenon until the following day. ' My father and 
myself/ he say?, * passed theromainderof theday and 
the whole niglit in a state of extreme impatience, and 
trying to account to ourselves what this spot could 
be. If it is in the Sun,' said I, * we shall, no doubt, 

before the invention of the telescope, and eleven before the di^xover7 of 
the Sun^sspotjt,* beliovcd that the Sun rotated around its axis. In 1609 
Kepler published his work, * Astronomia nova, seu Physica Cœlostia,* 
in u hicli he demonstrates, by his observations on Mars, the two first of 
his laws. In a passage of this work he explains the movements of 
the planets by the rotation of the Sun. 



[* This distinguished man was burnt at Rome on the 1 7th Febmarj, 
'«OO.—P.] 
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sec it again ; if it is not in the Snn, its motion will 
render it invisible to ns. However, I saw it again 
early the neirt morning, with inconceivable pleasure ; 
but it had changed its place a little, which circum- 
stance increased our uncertainty about it ; nevertheless, 
we determined to receive the Sun's rays passing 
through the small aperture of a camera oscura, upon 
a sheet of white paper, and we then saw this spot very 
well in the form of an elongated cloud. Bad weather 
prevented our continuing these observations for the 
next three days ; at the end of that time we again saw 
the spoty which had advanced obliquely towards the 
west of the Sun's disc. We saw another, a smaller 
one, near the edge of the disc ; in a few days this one 
reached the middle of the disc. Finally, a third made 
its appearance ; the first disappeared soonest, and the 
others a few days afterwards. I was agitated alter- 
nately with hopes and fears lest I should not see them 
again ; but ten days later the first of them reappeared 
at the east of the disc. I then uuderstood that it had 
made a revolution [round the Sun], and since the 
commencement of the year I have convinced myseli 
of the truth of this notion ; and I have shown these 
spots to other persons, who, like myself, are persuaded 
that it is so. Nevertiieless I was troubled with a 
doubt which prevented me, first of all, writing upon 
this subject, and which made me regret the time I had 
lost in making these observations. I noticed that 
these spots did not always remain at the same dis* 
tances from each other, that they changed both their 
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forms and their velocities ; but I reaped all the more 
pleasure when I perceived the reason of this. As it 
is probable, from tliese observations, that the «po^ are 
upon the body of the Sun itself, which is spherical and 
solid, they would of bourse appear smaller and endow- 
ed with slower motion as they approach the borders 
of the Sun. We invite the lovers of physical truths 
to profit by the sketch we here lay before them ; they 
will, doubtless, suspect that the Sun has a turning mo- 
tion, as Jordanus Bruno has asserted (in his ^ Treatise 
on the Universe,' published in 1591), and latterly by 
Kepler in his book on the motions of Mars, for without 
this I do not know what we could make of these 
epois.^ 

As may be seen by this passage, quoted by Lalande, 
Fabricius had certainly observed the apparent motion 
of the black spots on the surface of the Sun, and had 
proposed, as a probable explanation of it, the rotatory 
motion (turning motion) of the solar globe. Galileo 
was still more precise and explicit ; he fixed the time, 
or period, during which a solar spot remains visible, 
which is abont 14 days. lie refuted the hypothesis 
of the Jesuit Scheiner, who believed the spots to be 
remote from the Sun and assimilated them to planets 
turning round the central orb and presenting their 
dark sides to us, as occurs with Y'enus and Mercury 
when they happen to pass across the Sun's disc. 

Sclieiner was convinced by the reasons which 
Galileo brought forward ; he made a considerable 
number of observations himself, which he has con- 
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Signed in a large folio work of 800 pages, published in 
1630, with the title * Kosa Ursina, sive Soly ex ad- 
mirando facularwn et macularum phœnomeno 
varius? 

The rotation of the Sun upon its axis was thus 
discovered about half a century sooner than that of 
the planets Venus, Mars, and Jupiter, and at the same 
time the old notion about the incorruptibility of the 
heavens or the stars, which had come down as a legacy 
from the ancients, was profoundly shaken. The Sun 
itself, that dazzling centre of light, that type of abso- 
lute purity, was found to have spots, and as we shaU 
soon see, variable, movable spots, indicating incessant 
changes on the Sun's surface. 

§ 2. Unifobsutt of thx Motion of Sun-Spots. — Real Pkbiod of 

Rotation. 

Progressiye Motion of the Spots from the Western to the Eastern Edge 
of the Sun*s Disc. — The Spots are upon the Surface of the Sun ; 
their real Motion is uniform. — ^Direction of this Motion and Mean 
Period of the Rotation. 

"Without troubling ourselves at present about the 
nature of the Sun's spots, let us examine how the 
observation of one of them seems to determine the 
rotatory motion, its uniformity, and its period. 

By means of an astronomical telescope, which re- 
verses the objects seen through it,* let us observe a 

* In an astronomical refracting telescope the highest point of the 
solar disc K is seen at the bottom of the image, and the lowest point S 
tt the top. In like maimer the eastern edge, to an observer, is on the 
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spot at the commencement of its course (at a, fig. 20), 

near the eastern border of 
the disc. It appears then 
like a thin line or stroke, 
generally much longer than 
it is wide. In the first few 
days it appears to travel 
slowly, but visibly approach- 
es the centre: its velocity 
increases from day to day 
until it reaches the centre of 
the disc itself, or, at least, the 
middle of its course (o, fig. 
20). At this moment it 
has attained its maximum velocity, and from o tab 
its velocity decreases gradually as it formerly in- 
creased. 

If two or more spots are visible at the same time, 
it is, of course, rare that they happen to be at the 
same periods of their motion, but, nevertheless, it is 
remarked that their courses are parallel, and similar 
to one another ; sometimes straight, sometimes elliptic, 



Fig. 20. — Apparent Motion of 
a ^)ot across the Disc of 
the Sun. 



right of the disc at E, and the western edge on the left at 0, contrary 
to the positions in which these points are seen with the naked eye, or 
with a hand-glass. 

It should also be remarked that the solar disc, carried alon^ by 
diurnal motion f om sunrise to sanset, takes successive positions which 
are such that the point which is the lowest at the moment the Sun rises 
above the horizon, ascends gradually unt 1, at sanset, it is the highest 
point of the disc. This observation is necessary, ia order to understand 
the apparent motion of the Sun's spots. 



UniFQSiaTT OF THB MOTION OF 8TTN-8POTO. 139 

according to the time of observatioB. Moreover, 
though so variable in form and dimensions, they are 
all seen with difficulty when near to the Sun's edge, 
where they appear, as we have just said, very narrow 
or elongated : the nearer they are to the centre of the 
disc the wider they appear to be. 

However distant their courses may be from the 
centre of the disc, the same interval of time always 
elapses between the opposition of the spots at the 
eastern edge and their disappearance on the western 
border. 

It often happens, however, that a spot, after dis- 
appearing on the western edge, reappears at the op- 
posite side of the disc, and we then find that the pe- 
riod during which a spot is visible and tliat during 
which it is invisible, are very nearly exactly equal to 
each other, or a little less than fourteen days each. 

All these facts point undeniably to a rotatory motion 
of the Sun itself; the spots are temporary accidents 
upon its surface, and the rotation enables us to exam- 
ine the solar sphere all round. 

They belong to the surface itself. If, indeed, they 
were produced by bodies moving at a certain distance 
around the Sun, like the planets, their apparent mo- 
tion in front of the disc would be so much the more 
uniform the greater their distance from it : that is, in 
fact, what we observe during the passages of Mercury 
and Venus. Moreover, they would project black 
shadows on to the solar disc, but these shadows would 
preserve the same apparent dimensions near the edge 
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û3 well as at the centre of the disc : there woald be 
none of those changeable forms which we remark in 
the solar spots. Finally, the dnration of their passage 
across the Sun would bo much shorter than the in- 
terval during which they would be invisible, which 
would necessarily correspond to a mnch greater por- 
tion of their orbits. 

It was once supposed, also, that the spots travelled 
over the Sun's surface by a proper motion. There is 
in this notion some degree of truth, as we shall see 
presently, but in reality it is the entire mass of the 
Sun which revolves and carries the spots along with 
it. How is it possible that isolated black bodies inde- 
pendent of the mass of the Sun, and independent of 
each other, could describe their courses with so much 
regularity, and move in such similar parallel lines? 

The variations in the velocity of a given spot, 
when followed in its entire course from the eastern to 

the western limb of the Sun 
across the centre, precisely de- 
monstrates the uniformity of the 
Sun's rotation. Fabricius was 
well aware -of this, and we shall 
soon see how true it is. 

A spot which appears to ua 
to describe a straight line or an 
elliptic curve across the solar 
disc, describes in reality a circlo 
on the surface of the Sun. If 
we saw in front the lialf-circum- 




Fig. 21. — Apparent Pro- 
gressive Motion of a 
Spot—True Uniformity 
of thia Motion. 
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fereiice of the visible course, the spot, as it travels over 
the equal segments Ka^ahyh c^o dyS f^f g^ B g (fig. 
21), would appear endowed with its true velocity ; and 
if its motion was uniform, its apparent velocity would 
be aléo uniform. But we see the course of the spot 
in perspective, sometimes as a right line A B, some- 
times as an elongated curve A D B. Near the edge 
the projection of the arc A â^ is A a\ which is con- 
siderably smaller ; near the centre the arc cd i& pro- 
jected in c' d\ nearly equal to it in size. Nevertbeless, 
the two projections are described in the same interval 
of time by the spot. The latter a])pears, therefore, 
to be moving much more rapidly at the centre than 
it does near the edge of the disc. The ratio of the 
apparent velocities is easily calciilated; and it is 
found to be exactly what geometry requires in the 
hypothesis of an uniform rotation. What occurs with 
a solar spot is then quite agreeable to the laws of per- 
spective when we consider a sphere endowed with a 
rotatory motion around an axis terminating in two 
poles, the direction of which is invariable. 

The fact is, therefore, beyond all doubt. The Sun 
turns upon itself, and the direction of the rotation is 
from right to left for an observer whose feet are upon 
the plane of its equator, and whose face is turned 
towards the northern hemisphere of the Sun. This 
is also the direction of the rotatory and translatory 
motions of the Earth, and of all the other planets ; it 
is characterised by saying that they all turn from 
west to east.* 

* Wbeo looking at the Sun the observer's face is turned towards 



US 

Tbe apparent period of m spofs motion is the in« 
teml wliidi elapses, fix* instance, between the moment 
at wliicji tlie spot pasees the centre of the disc and 
die moment that it vrtnms to the same point, for an 
ohserrer upon the Earth. We shall see presently that 
this interval varies according to the latitndes of the 
rarioca^>^tsca]calated finom the Sim^s eqnator. This 
explains certain discrepancies in the nninbers fonnd 
bT astronomers who hare determined this motion at 
Tarions periods^ Cassini gave the period of apparent 
rotation as 27* IS* 20- ; Lalande, as 27* V 37" 27» ; 
Ijuigier, as 27* 4* on the average. 

But the real pmod of rotation is shorter than the 
apparent period, and the cause of this difference is 
fonnd in tlie translatorv motion of the Earth ronnd 
the Sun. In fact, if we suppose, for a moment, that 
the Earth is fixed, the time which a given spot would 
take, independently of any proper motion it may have, 
to return again to the centre of the disc, would, of 
course, be exactly that which the Sun takes to turn 
upon itself. If, on the contrary, the Earth ran 
through its entire orbit in the same interval that a 
spot takes to accomplish its rotation, the direction of 
both motions being the same, it is evident that the 
observer would accompany the spot, and tliat the latter 
would appear fixed upon the solar disc. 

It is between these two extreme suppositions that 

his southern horizon^ and, consequently, the rotation appears to him to 
be from the edge of the disc on the eastern side towards the western 
edge. This is tbe direction indicated by the arrows in the figures 21, 
22, and 93, 
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the truth must be sought. Whilst the Siin performs 
one entire rotation the £arth advances in its orbit in 
the same direction as the Sun turns. The spot which 
we supposed at the centre of the disc, when the ob- 
servation was begun, comes back again to the same 
position on the surface of the Sun, but this position is 
no longer the centre of the disc ; it is to the west of 
this centre; a certain interval of time is requisite for 
it to appear again at the apparent centre of the disc, 

during which the 
Earth itself ad- 
vances still more 
along its orbit ; but 
it is not difficult 
to deduce the pe- 
riod of real rota- 
tion from that of 
the apparent rota- 
tory motion. 

Let a '(fig. 22) 
represent a spot 
seen in the centre 
of the disc by an 
observer placed on 
the Earth at T. In 
a little more than 
27 days the spot 
will have describ- 

Fig. 22.— Difference between the interval of the Ap pr] on p-nfirn />îr- 
parent and the real rotation of a Solar Spot. ^ ■ **" eiiLiru oil 

cumference a b a^ 
plvs an arc a a\ and it appears again to occupy the 
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centre of the disc for the observer who is now at T^ Tho 
whole question resolves itself into ascertaining how 
many degrees, minutes, and seconds, are contained in 
this arc a a\ Now this arc has the same angular 
value as the arc of the terrestrial orbit represented by 
TT', which is nothing more than the course made by 
the Earth during one rotation of tho Sun on its axis. 
Thus the spot is seen to describe an entire circum- 
ference ^Zt^« a certain number of degrees equal to the 
extent of the said course travelled over by the Earth, 
which is well known. 

A very simple calculation shows that the real 
duration of tho Sun's rotation is about two days less 
than its apparent period. A i^pot which takes 27* 4* 
to come back again to the centre of the disc gives for 
the real period of the Sun's rotation 25^-34, or 25* S\ 



§ 8. Elements of thx Rotatory Motion. — ^Polxs and Equator of 

THE Sun. 

Coaraes of the Spots ; at what Periods of the Year tbej appear to be 
in straight lines. — Nodes of the Sun^s Equator. 

Astronomers possess certain exact methods for de- 
termining the successive positions of a solar spot, the 
position of the axis of rotation, and, consequently, that 
of the poles and equator of the Sun. 

If the axis were perpendicular to the plane of the 
ecliptic, or the Earth's orbit, the plane of the San's 
equator would coincide with the ecliptio, and we 
should always see the spots travelling in straight lines 
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across the disc, parallel to the ecliptic itself. But 
observation proves that this is not the case, for the 
courses of the spots vary with the period of the year, 
and appear sometimes as curves, the convexity of 
which is above, sometimes with the convexity below, 








s 

July. September. 6 December- 

Fig. 23- -Direction of the Courses of Sun Spots at various periods of the year 

or as straight lines, which are not parallel to the 
echptic. 

According to Mr. Carrington, the solar equator is 
inclined 7° 15' on the plane of the Earth's orbit, so 
that the line of the poles forms with this plane an 
10 
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angle of 82® 45'. It results from tUs that the Eanh 
in its annual course is sometimes above the plane of 
the Sun's equator ; and then we see the spots describe 
ellipses, the concavity of which is turned towards the 
northern pole of the Sun, and sometimes below it, 
when we see the Sun's southern pole. In the latter 
case, the spots describe ellipses, the concavitj of 
which is turned the opposite way. In two points of 
the Earth's orbit, diametrically opposed to each other, 
our globe is in the plane of the Sun's equator, and 
these points are called nodes / one is the ascending 
i2ode^ the other the descending node.* At this period 
the courses described by the spots appear to be 
straight lines, but inclined in contrary directions. 
This occurs about the 4th Jime, and between the 
5th and 6th December, when the Earth passes the 
nodes of the solar equator and the spots carried along 
by the Sun's rotation appear to travel in straight lines 
across the disc. Therefore, from June to December 
the courses of the spots form concave lines towards 
the iforth pole of the Sun, and from December to 
June they appear concave towards the southern pole. 

g 4. Variations in thi Period of the Sun^s Rotation in Différent 

Latitudes. 

Proper motions of Sun-spots — ^Difference between the period of their 
rotations according to their distance from the San*8 Equator — 
Observations made by Laugier, Carrington, and Spœrer. 

If, as WO have stated above, the rotation of the 

* According to Kr. Oarnn^^n^ Ûie '\oikiSi\?^<i<& ^1 >^<^ «aocoL^às^^^^ 
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Snn a8 deduced from the observation of the spots on its 
disc were pertecty uniform, the calculation of its real 
period would always lead to the same figure, unless 
the spots were endowed with some degree of proper mo- 
tion along the surface of the disc. !N^ow attentive and 
prolonged study of these movements shows that things 
are not so absolutely regular as one might suppose. In 
tlie first place, the spots change their forms, their di- 
mensions increase or diminish sometimes, which cir- 
cumstance alone would suffice to introduce certain 
differences into the calculations of their positions. But 
it was early suspected .that, besides their internal 
changes, the spots did not adhere firmly to a fixed and 
invariable position on the Sun's surface; that they 
had what is called a certain degree of proper motion, 
distinct from the general rotatory motion of the Sun 
itself which carries them always with it from west to 
east 

It results from a series of very minute observations 
made by M. taugier that not only do different spots 
give a notably different value for the Sun's rotation, 
but that the same spot observed at various periods of 
its movement offers similar discrepancies, though not 
to such a considerable extent. Twenty-nine spots 
thus observed gave as the mean period of a rotation 
25'''34; but the extreme periods observed oscillated 
between a maximum of- 26'**23 and a minimum of 



of the solar equator is 73* 40' (1850). The Earth passes this point on 
tho 4tb of JoDe. 
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25'*-28. The same spot gave as the exact value of the 
Sun's rotation numbers which varied to the extent of 
two to five hours.* 

This evidently proved that the spots were endowed 
with a motion of their own, a fact which became still 
more certain when the variations of distance between 
two spots near to each other were measured^ Thus it 
was that M, Laugier found for the velocity of the proper 
motion of a spot on the Sun's disc 111 metres (121 
yards) per second. 

A fact of very great importance which is in ac- 
cordance with the preceding observations, was recently 
brought to light by the English Astronomer, Mr. Car- 
rington. lie concluded from a continuous series of 
observations of solar spots, extending over a period 
of 7^ years, that the spots are not all endowed with 
the same angular velocity of rotation : this velocity 
varies with the position of the spots with regard to 
the Sun's equator, i. e.^ wdth their heliocentric 

latitude.f 

In general, the nearer a spot is to the equator 
the more rapid is its rotation ; the higher its latitude, 
the slower its motion. This variation, nevertheless, 
follows a regular and continuous law. We shall see, 
later, what consequences have been deduced irom this 
lact with regard to the physical constitution of the 

I* Tliis is a very considerable difiRerence in astronon^, for at the 
I resent day observations can be m^de, according to M. Faye, to within 
1-1 0th of a second. — P.] 

f The German astronomer, Herr Spœrer, arrived independently at 

I he same conclusion. 
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Sun ; in the meantime here are some results obtained 
by Mr. Carrington :* — 

Rotation of the Sun at Different Latitudes. 

Northern Latitude. 

d 

60* 27-445... 

80* 26 207... 

20* 25-714... 

16* 25-382... 

10* 26-145... 

6* 26029... 

Equator 0* 24*913... 

Southern Latitadc. 

d 

10* 25-233... 

lo •••••..•••.^5-570... 

20* 25-745... 

80* 26-635... 

46* 28-458... 

As a consequence of the rotatory motion of the 
Sun around one of its diameters the form of its globe 
must be that of an ellipsoid, flattened at the poles, or, 
in other terms, swollen at the equatorial regions : this 
is a necessary efiect of the centrifiigal force. We 
know that the Earth has a similar shape, and so have 



Period of the Rotation. 


d 


h 


m 


.or 27 


10 


41 


.— 26 


9 


46 


.— 25 


17 


8 


.— 26 


9 


10 


.— 25 


3 


29 


.— 25 





42 


.— 24 

4 


2 


11 


Period of the RotatloD 


d 


b 


m 


.or 24 


23 


18 


.— 25 


6 


85 


.— 25 


13 


81 


.—.....25 


17 


52 


.— . 26 


12 


60 


.— 28 


11 






* The details of these obserytvtions are contained in a splendid work 
published in 1868 entitled ** Observations of the Spots on the Sun, from 
Not. 9, 1853, to March 24, 1861, made at Redhill by Richard Christo- 
pher Carrington." The Paris Academy of Sciences awarded its La 
lande prize to this work in the year 1864. 
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the planets Mars, Jnpiter, and Saturn. Nevertheless, 
it is impossible to detect any appreciable diflference in 
the diameter of the solar disc. The reason of this lies 
in the preponderance of gravitation over centrifugal 
force on the Sun, as we have already seen, the latter 
force being comparatively small with a rotatory mo- 
tion so slow as that of the Sun. 

We must not forget, however, when speaking of 
the slowness of this rotation, that angular velocity is 
meant. The real velocity of a point upon the Siin's 
surface is something very considerable, for it travels 
no less than 2200 yards per second ; this velocity is 
reall>, then, about é)' times greater than that of a 
point uyon the £arth^s equator. 
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CHAPTER V. 
The Sxm in ths Sidereal Wosld. 



§ 1. The Sun is ▲ Star. 

The Son as seen from Neptane, from the limits of the planetarj world 
— ^Its apparent size at the distance of the Fixed Stars, at the dis- 
tance of Sirius — Chemical constitution of Stars similar to that of 
the Sun — ^The Sun is a Star of moderate size. 

Let us imagine the Sun removed far away into tlie 
regions of space farther and further from the Earth. 
What would it appear like to the inhabitants of our 
globe Î 

As it travelled farther and farther from us wo 
should observe its apparent diameter dimmish without 
noticing any diminution in the intrinsic intensity of 
its light. At the confines of the planetary system, at 
the distance of Neptune, its disc would be seen under 
an angle 30 times less than that we now observe, the 
mean valae of which is 32' S'^'G ; there it would be re- 
duced to 1' 4" — still a very appreciable diameter. As 
to the intensity of its heat and light, though reduced 
by a thousand times, it would still surpass to an enor- 
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moas extent that of the most brilliant stars, for the 
light of the San illuminates the Earth with a force 
eqnal to that of twenty-two thousand millions of stars 
similar to the star Alpha Centauri, which is of the 
first magnitude (J. Ilerschel). 

If it continued to travel still farther from us and 
penetrated beyond the limits of the planetary world 
which it warms and lights until it arrived at a distance 
comparable to that of the nearest fixed star, its appa- 
rent diameter would then be reduced to less than 0"'01, 
and the Sun would be almost imperceptible to us. The 
most perfect micrometer in the best of telescopes would 
not enable ns to measure its dimensions. At a distance 
corresponding to a parallel of 1", which is equivalent 
to 206,000 times its actual distance from the Earth, 
the extinction of the Sun's light would be such that it 
would appear to us, at most, like a star of the first or 
second magnitude. Its brilliancy diminished accord- 
ing to the square of the distance would be reduced the 
42,500,000,000th part of its actual value : this would 
make it about half as brilliant as the star Alpha Cen- 
tauri. The brilliancy of Sirius is estimated to be about 
four times that of the latter ; so that were our Sun 
transported to the distance of the nearest fixed stars, it 
would appear eight times less brilliant than Sirius. 

Wliat would it be if it were removed to the dis- 
tance of Sirius itself, which is about six times as con- 
siderable as that which we have just mentioned ? The 
extinction of its light would be of course 36 times 
greater, and in fact Sir John Herschel considers the 
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intrinsic brilliancy of the star Sirios to be 225 times 
greater than that of the Sun. 

Stellar photometry, or the comparative stndy of 
the luminous intensity of the stars, is still in a very 
imperfect state, and the numbers we have just given 
do not possess a very great degree of precision. They 
suffice, nevertheless, to render most evident the fact 
that our Sun in the sidereal world would only figure as 
a star — a star of ordinary size. On the other hand, 
the above considerations oblige us to consider the stars 
as independent sources of light. The enormous dis- 
tance at which the nearest of them shine renders it 
impossible that they can be lighted up by borrowed 
or reflected light. They are Suns like our Sun, so that 
we can say, if we please, that the Snn is a star or that 
the stars are Suns. 

These views, which throw so much light on the 
constitution of the universe, have been recently con- 
firmed by comparing stellar lights with that of oar 
Sun. The method known to physicists as " spectral 
analysis" enables us to classify the various sources of 
light according to the* nature of the spectrum which 
they give when this light is decomposed by means of 
a prism. We shall see further on what is the signifi- 
cation of those dark lines which are visible in the solar 
spectrum ; how they point to the presence of certain 
elementary bodies, metals or metalloids, which exist 
in the atmosphere of the Sun in the state of incandes- 
cent vapor. 

Now when the spectra of the stars are studied in 
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the same maimer — abont sixty of the more brilliant 
only have as yet been submitted to this kind of exami- 
nation — we find a certain similarity of constitution 
existing among them all, and a certain resemblance 
to onr Sun. The dark ravs which are seen in their 
spectra indicate that starlight passes also through an 
absorbing layer of incandescent metallic vapor before 
issuing into the depths of space; but the chemical 
substances which characterize each of them varies from 
one to the other : sodium and magnesium exist in a 
great number ; in others we find hydrogen, iron, bis- 
muth, mercury, &c. 

There exists doubtless in these distant worlds an 
infinite variety. Their real dimensions, the intrinsic 
brilliancy of their light, their colors, their chemical 
nature, and the number of substances of which they 
are composed, necessarily vary exceedingly. But one 
fact remains certain, namely, the great analogy which 
connects them with our solar world. Does there exist 
around each star, as around the Sun, a planetary sys- 
tem, with planets, satellites, and comets? This is in- 
deed highly probable, but their distance from us is too 
enormous to allow us to indulge in the hope of ever 
verifying such a conjecture by means of direct obser- 
vation. It is quite certain that an observer placed 
upon any one of these stars which shine in the depths 
of the firmament, and looking in the direction of our 
world— Sun, planets, satellites, &c. — would see it like 
a single star, in the midst of a multitude of other 
stellar points. 
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§ 2. Tes Sun is a Stab in thi Milkt Wat. 

What is the position of the Sun in the world ot stars — ^The Milky Way . 
its form and constitution — The Sun is a Star in the Milky Way ; 
its position in the Nebula, according to HerscheL 

What is the position of the Sun in the sidereal 
universe Î As it is one of the stars which comprise 
this universe, has it not some connection with any of 
the others, with regard to its situation and its move- 
ments Î Does it not form part of some of those groups 
of stars which the telescope reveals here and there at 
infinite distances in the depths ol bpace? 

It is certain that a considerable numDer of stars 
are not completely isolated. Among those which ap- 
pear single to the naked eye, there are thousands 
which show themselves as double or triple stars, when 
seen with a telescope. And this is not often the mere 
effect of perspective, for in many cf the double stars it 
has been found that one moves or revolves round the 
other. Moreover, we know that a great number of 
those little celestial clouds, called 'n^hvlœ^ are nothing 
else than an agglomeration of multitudes of stars 
whose enormous distance from us causes them to appear 
condensed into a comparatively small space. Is our 
Sun not one of the stars of such a group ? 

Since the time of William Herschel science has 
replied to this question in the affirmative. That great 
astronomer, that laborious and sagacious observer, de- 
monstrated a fact which had already been hinted at by 



156 THB BU». 

Kent, by Lambert, and bj several other pliilodopbers ; 
namely, that the Son forms part of that immense 
stellar agglomeration known as the Milky TVay. 

That great zone, indeed, is seen spread over the 
background of the heavens nearly in the form of a 
great circle of tlie starry sphere ; if we put aside certain 
inequalities in its form, and certain inequalities in its 
width at varions points of its periphery : it divides the 
sky into two portions, which are notabsolntely of the 
same extent, the smallest half being that which con- 
tains the constellations Pisces and Cetus, that ifl^ the 
oonstellationB near the eqninoxial point of apriiig» 

Thns, already, it is evident from the general Â 
pearance presented by the Milky Way that it 
where snrronnds the spot which our world, and 
quently the Sun, ocenpies in space. 

To the naked eye, and to the eye armed with ■ 
telescope, the Milky Way does not appear to poBBOBi 
in all its parts the same degree of brilliancy. The 
nebnlons background of which it is composed presents 
various degrees of intensity, and as this appearance is 
owing to the agglomeration of multitudes of very 
small stars,* this condensation is very irregular in the 
various portions of the zone. 

In order to study the comparative richness in stars 
of these portions, Herschel applied his well-known 
method of gauging the Milky Way, which consists in 

[* We know not on what authority the autiior makes use of the ex- 
pression "very small stars;** it is certain that they appear yery small 
to us, and he evidently alludes only to their apparent size. — ^P.] 
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counting the number of stars visible iu tb? UpIlI nihil 
telescope as, carried along by the diurnal uiotiou ut'tbe J 
Eartb, it passed Buccessively over the various regions] 
of the zone in question : he employed in this reaeareh I 
more and more powerful imtruinents. having, as hel 
observed, more and more power of penetrating into tbefl 
depths of space. In this way lie discovered that tha J 
extent of the Milky Way increased asthepoweroi'hia.l 
instrumenta increased, and that iu many points it ici 



impo^silile to fathom it ; its small breadth compared 
to ils other dimensions shows that it is formed of a 
layer of Suns distributed in irrepnlar heaps, and com- 
prised between two planes nearly parallel one to the 
other, which gives to the entire figure the appearanca 
of a flattened mill-stone, split into two portions 
throughout nearly one- half of its circumference. 
' It is alïout the centre of this gigantic aggloraera- 
tioa of stars, about the middle of its thickness, and 
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near to the r^or where the eeparation of the zone in- 
to two layers or two principal blades occurs, that our 
little solar world exists— our little world, whose di- 
mensions appeared at first so enormous, which was re- 
duced, by a glance at the stellar world, to a star of the 
second or third magnitude, and which we now per- 
ceived to be a mere atom of luminous dust in the re- 
gion of the Milky Way. 

The position of the Sun in this zone accounts for 
the general aspec> •^•■'^sented to us by the starry firma- 
ment, and shows besides that all the stars dispersed 
here and there, apparently so far from this great ne- 
bula, in reality form part of it. 

Indeed, when from the point S where we are sit- 
uated, we look in the direction of the length of the 
stellar stratum Sf{ûg. 24), we meet with, so to speak, 
indefinite layers ana clusters of stars which give to the 
Milky Way its density anditsmaximam of brilliancy. 
If, on the contrary, the eye looks in a direction less 
and less inclined such as S a, the visual ray traverses 
strata rapidly decreasing in thickness, and consequent- 
ly the density decreases with great rapidity. Finally, 
in the direction S î, perpendicular to the thickness of 
the zone, the stars appear dispersed, as they really do 
in those parts of the sky which are most distant in ap- 
pearance from this j^reat nebulous zone. "Just as we 
see," says Sir John Herschel, in his Outlines of Astroîi- 
07/17/, " a slight haze in the atmosphere thickening in- 
to a decided fog-^^ank near the horizon by the rapid 
increase of the mere \eTigl\i of the visual ray." 
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Fig. 24, which represents, according to William 
Herschel's views, a section of the Milky Way, perpen- 
dicular to its thickness, and along its greatest diame- 
ter which passes through the spot occupied by the Sun, 
renders the foregoing theory easy to realise. With 
its help we may account for the rapid decrease in the 
number of stars in those regions whicb, on both sides 
of the Milky Way, extend as far as the two poles of 
the great circle formed by this vast nebulous zone. 
These poles are situated, the north pole near the con- 
stellation Goraa Berenices, the south pole in the con- 
stellation of the Whale (Cetus). When from one of 
these points we advance progressively towards the 
Milky Way, the mean number of stars increases, at 
first rather slowly, then, in the vicinity of the galactic 
plane, with very great rapidity, so that the number is 
about thirty times greater in this plane than in the 
polar regions just mentioned. 

Up to the present moment we have obtained but a 
general notion of the form of the Milky Way, and of 
the position which our Sun occupies in the midst of 
this immense nebula. To give a more complete idea 
of what is known regarding its structure, we must say 
a few words about its real dimensions. 

On comparing the photometric brightness of stars 
of different magnitudes, with their probable distances, 
William Herschel arrived at the most astounding con- 
clusions with regard to the dimensions of the Milky 
Way. 

Stars which are visible to the naked e^e \£LÀ\)âA 
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those comprised between the first and sixth magnitudes, 
as is well known. The illustrious astronomer of 
Slough supposed that, on an average, those of the 
sixth magnitude — t. e, the smallest that the naked eye 
can discern — are twelve times more distant than the 
stars of the first magnitude. Taking this as his start- 
ing-point, and calculating the penetrating power of 
his telescopes, he arrived at this result, namely, that 
he could observe in the depth of space stars which are 
situated at a distance 2300 times greater than the 
mean distance of the stars of the first magnitude. 
Moreover, Herschel recognised that the visible extent 
of the Milky Way, in some r^ons, increased with the 
power of the instrument, but there even his great 
40-feet telescope did not enable him to reach the 
limits of the vast nebula which he therefore declared 
to be unfathomable, 

Now when we remember the enormous distance 
which separates us from the nearest star to our world 
— a distance which light itself takes years to travel 
over — we are led to the wonderful conclusion that the 
Milky Way, in the direction of the most distant re- 
gions accessible to our view, can only be completely 
traversed by a ray of light in an interval of time 
upwards of 10,000 years. Thus, when we place our 
eye to the ocular glass of the most powerful astrono- 
mical telescope, and perceive on the dark background 
of the sky faint, luminous spots, we receive upon our 
optic nerve the impression of an undulatory vibration, 
which was set in motion at least 10,000 years ago by 
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the incandescent matter of Suns, similar to our Sun, 
and forming part of the same sidereal group. 

Calculating the thickness of the Milky Way from 
its apparent breadth, Hersishel arrived at the conclu- 
sion that it was 80 times greater than the distance 
of stars of the first magnitude. Thus, the starry 
stratum greatly surpasses, even in this direction, the 
limits of our sight. Whence it follows, as Struve has 
remarked, in his Etudes d'Astronomie Stdlavre^ and 
as we before observed, that " not only our Sun, but 
all the stars that we can see with the naked eye, are 
deeply plunged in the Milky Way, and form an inte- 
gral portion of it." 

§ 8. — ^TRAiniLATORT MOTIOH OT THl SUH IH SPAOB. 

Oi^nion of Lalande on the probability of the Sun^s Translatory MoTe* 
ment; connexion of this Motion with its Rotation. — Lambert*s 
Views. — William Herachel solves the Problem ; point towards which 
the Solar System TraTels. — Uniyersal Motion. 

Thus we are not only made aware that the Sun is 
a star, but we can fix its position in the sidereal 
world : we find established with certainty that it 
forms part of the immense agglomeration of stars, 
star-clusters, and nebulae, which is known as the Milky 
Way. 

It remains for us to inquire whether our solar sys- 
tem is still, or endowed with motion in the midst of 
this infinite dust of stars. 

We already know that the Sun rotates upon its 
11. 
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axis. ITow this fact alone would prove sufficient, had 
we no direct means of observation, to render it proba- 
ble that the Sun had a translatorj movement in space, 
which, we are going to show, is really an established 
fact. As early as 1776 Lafaude suspected the exist- 
ence of such a movement, and showed its necessary 
and logical connexion with the rotatory motion. He 
thus expresses himself in his Encydapédie Métho- 
dique : — 

^ The rotation of the Sun indicates the existence 
of a translatory movement, or that the Sun travels in 
space, which will probably be recognised one of these 
days as a very important fact m Cosmology. Rota- 
tory motion, considered as the physical effect of any 
cause, is produced by an impulsion communicated 
from without the centre ; but any force applied to a 
given body, and causing it to turn on its axis, cannot 
fail to carry the body along, and it is impossible to 
conceive the one without the other. It ia^ therefore^ 
quite evident that the Sun must really move Uirough 
absolute space ^ but as it carries along with it the 
Earth, and all the other planets and comets which 
revolve round it, we cannot perceive this movement 
unless, after a lapse of centuries, it be observed that 
the San shall be found to have approached nearer to 
certain fixed stars than to others situated in an op- 
posite direction. In such a case the apparent dis- 
tances of the various stars from each other will be 
found to have increased in one direction, and to have 
diminished in another ; and this will teach us in what 
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direction the Solar system is travelling through space. 
But observations made on this head date from so 
short a period, and the distance of the stars is so great 
that it will be a long time before we shall be able to 
determine the quantity of this translatory motion.' 

Fontenelle, Bradley, Tobias Mayer, and Lambert, 
had also conceived that the Sun was endowed with a 
movement of translation, but without promulgating 
their notions in such precise language. ' Every fixed 
Btar,'says Lambert in his Lettres Cosmologiques^ ' has 
its orbit traced out for it in the regions of space, and 
it describes this orbit carrying with it its hosts of 
planets and comets. If we could demonstrate that 
all bodies which turn upon themselves must neces- 
sarily travel along an orbit, it would be no longer 
possible to deny that our Sun travels along with the 
latter kind of motion, since it is found to possess the 
former. It appears that the mechanism of the world 
demands the connexion of these two kinds of motion, 
though we do not distinctly see the cause of it. It is, 

nevertheless, certain that the Sun travels ' 

Speaking a little further on of the proper motion of 
fixed stars, he adds : ' As this apparent displacement 
of the fixed stars depends upon the movement of our 
Sun, as well as upon their own proper motion, we 
should have here, in all probability, a method of find- 
ing out towards what region of the heavens our Solar 
system is travelling. But what a length of time 
would have to elapse before we could know the period 
of the Sun's rotation ! Would a platonic year— 
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26.000 years — suffice! It maj be that during that 
space of time the Sau only passes through one sign 
of its zodiac ! ' 

In all this we have merely theoretical conjectures; 
it was reserved for William Herschel to verify them 
somewhat by the aid of actual observation, and this 
was, doubtless, more difficult to do than to imagine 
the foregoing speculations, however sublime and in- 
genious they were for the period at which they were 
enunciated. 

What was required to be done f To unravel and 
distinguish in the midst of the apparent or real 
motions which affect the stars, the general movement, 
that must be produced to an observer upon the Earth, 
and the supposed displacement of the Solar system in 
space, a movement totally unknown. The precession 
of the equinoxes, nutation, the annual course of the 
Earth round the Sun, the aberration of light, are so 
many causes which modify in one way or another the 
positions of the stars, once called ^ fixed,' on the vault 
of the firmament. Each of them has, moreover — 
according to all probability — a proper motion, as we 
have actually proved to be the case for several of 
them, indicating a real translation through the regions 
of space. Let us imagine that we had detennined 
the effects due to each of the above causes, and as- 
cribed to tliem their true values, and then that we 
subtracted them from the total movement of celestial 
bodies, what would remain ! Nothing at all, if the 
Sun were quite immovable ; but if, on the contrary, 



TBANSLATOBT MOTION. 165 

it is carried along through space, with all its hosts of 
planets, towards some region of the heavens, we 
should obtain a certain remainder ; we should have 
for residue of all those apparent or real motions a 
certain amount of general motion. In the direction 
towards which the Sun advances along the stellar 
planes the stars would appear to become more distant 
from each other ; their angular distances would in- 
crease as the Solar system approached nearer to them, 
whilst on the opposite side we should observe them to 
converge, the stars would group themselves closer 
together as we travelled further and further from 
them. 

It is thus, in fact, that a traveller advancing from 
the centre of a vast plane towards one of its horizons, 
seeâ all the objects before him in the distance getting 
farther and further from each other as he approaches 
them, whilst those he leaves behind him appear in 
like manner to close up to one another by a natural 
effect of perspective. At each side of him the trees 
appear to move in an opposite direction to that in 
which he travels. All these apparent motions, how- 
ever various in direction, are intimately connected 
with the direction and rapidity of our traveller's 
course, so that if he did not know what road he was 
taking, the correlation of all these movements would 
enable him to find it out. 

But though the problem from a theoretical point 
of view appears so simple, it is otherwise when we 
come to solve it by direct observation ; then, indeed, 
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it becomes a very complicated and difBcult one. 
With his usual boldness and perseverance, William 
Uerschel grappled with it, and in 1783 he actaallj 
anuounced that it was solved, or at least ronghly 
sketched. He concluded, from the cai'efnl examina- 
tion of the proper motions of a small number of stars, 
that the Sun travels towards the star 7 of the constel- 
lation Hercules, at that period in a point of the heav- 
ens corresponding to Bight Ascension 257^, and 
North Declination 25^. 

Fifty years later the distinguished Pmssian As- 
tronomer, Argelander, took up the question again 
with the aid of more numerous and more precise data, 
to determine the exact point of convergence. Then 
Otto Struve, Gauss, and Galloway, followed up the 
subject, and their researches confirmed those of Her- 
schel and Argelander. The combined results of 
Struve and Argelander gave for the point in question 
for the year 1840, — 

E. Ascen. . . . 259** 35'-l. 
North Déclin. . 3*° 33'-6. 

Struve sncceeded, moreover, in determining the 
velocity of the transi atory motion. Seen in front 
from a distance equal to the mean distance of one of 
the stars of first magnitude, the course described by 
the Sun in one year would have an angular value 
equal to 0"-34: (34:-100ths of a second), which is 
equivalent to 1623 times the mean radius of the 
Earth's orbit 
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ïo recapitulate: *The movement of the Solar 
stem throu-^h space is directed towards a point of 
Î celestial vault situated on the right line which 
J tlie two stars of the tliird magnitude -rr and ft 
F Hercules, at one quarter of the aiiparent distance 
r these stars fi-oiii each other, starting from ir. The 
felocity of this movement is such that the Sun, with 
1 the glohes which depend upon it, ydvuncce in this 




direction at the rate of 1623 times the length of 
radius of our orbit (150,000,000 miles), per anani 

^K Tliis is a velocity of about il3,000 miles per dierS^ 

^^fr nearly 5 miles per second. 

^^, Thus we see that direct observation has once more 
legitimised the inductions of theory. The reality of 
tliis motion, by which the Solar system is curried 
along in the depths of apace, is proved. It still re- 
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mains to be known what the nature of this motion ia 
— whether the Sun moves periodically around some 
im known centre, if it foims part of any particular 
stellar system, some fragment of the great system of 
the Milky Way, or if it is the satellite of some other 
Sun. Perhaps its motion is merely the effect of the 
perturbations which it experiences from the stellar 
masses which surround it everywhere at unequal dis- 
tances, and which are distributed irr^ularly in space. 
In the first hypothesis — that of a periodic motion 
— the right line which represents the Sun's course 
towards Hercules is only a limited portion of the 
Solar orbit, and all that can at present be concluded 
from it is that the unknown centre around which it 
moves is at right angles to this line. In the course 
of several centuries it will perhaps be possible for 
astronomers to determine the curve of the orbit, by 
noticing a change in the direction of the Sun's path, 
and so acquire some idea of the distance of the orbit's 
focus. By studying the proper motions of the Sun 
and stars, as if they had a common ibcus, Argelander 
has examined the degree of probability presented by 
the hypothesis that the constellation Perseus would 
be the general centre of their gravitation. Msedler 
regards Alcyone, the most brilliant of the Pleiades, 
as the central sun, around which our Sun oscillates,* 
and the Pleiades themselves as the group whose mass 

* [The opinions of Astronomers generally are in favor of Baron 
Itodler^s supposition, but much uncertainty must, of course, preTai) 
with regard to this portion of our subject. — P.] 
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determines the motion of our Solar system. These 
speculations, though they are but conjectures, are 
interesting, inasmuch as they act as points to which 
further inquiry may be advantageously directed. 

The discovery of a proper motion with which our 
Sun is found to be endowed completes the analogies 
which bind it to all other known stars ; for as sidereal 
astronomy progresses, the number of stars whose 
motion is perceptible increases, and we are forced t<3 
the conclusion that everything in the Universe is in 
motion, that nothing is still, or in absolute repose ; * 
the immensity of the distances only give an apparent 
fixity to this multitude of celestial bodies which shine 
with sufficient brightness to cause their light to reach 
us. Nevertheless, years — thousands and millions of 
years — ^have elapsed since the vibrations of their sur- 
faces occurred, which cause the impression of light to 
be felt by us, and the motions which we at the present 
time detect with so much difficulty, have been accom- 
pliahed long ago. 

As to the course in which we travel through space, 
it is probable that we shall never know it with abso- 
lute accuracy ; and the same may be said of all the 
globes of the Solar world. The Moon circulates 
round the Earth, but the ellipse which it describes is 
only, as we have seen it, a relative motion, for the 

• See a paper on the Movements of Plant*», by Dr. T. L. Phipson, in 
' Macmillan^s Magazine ' for October 1 864, in which the Author arrives 
at a similar conclusion in considering the organic world, and where he 
makes use of the sentence * Motion^ like Matter^ is Universal,^ 
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Earth also revolves round the Son ; and even if we 
suppose the Littv^r to be immovable, it is, nevertheless, 
true that our satellite describes a curve of various 
inflections, a species of cycloid which planetary per- 
turbations render stiJI more complicated. But since 
the Sun itself moves along also, the curve of the 
Lunar orbit is carried on with its motion, and its abso- 
lute figure in space is still more complicated. Wlio 
knows where this tangling of intricate curves, this 
combination of orbits, the last of which may be only 
apparent, really ends t The Sun exists in the Milky 
Way, which appears to be an agglomeration of world- 
systems, and it is possible that it forms^part of one of 
these systems ; but the collection of stars of which 
the latter is composed is influenced by the attractive 
forces of all the others, and the result is, doubtless, a 
general motion directed, perhaps, along the major axis 
of the great nebula. The Milky Way itself, with all 
its millions of stai-s, what is it more in the visible 
Universe than an archipelago in the ocean Î — but an 
archipelago in motion, that travels in infinite space, 
like all those other galaxies which the telescope has 
already revealed to us. When tbe thought of man 
plunges into these infinities he is bewildered, Jie loses 
all self-control, in spite of science, which opens to him 
these sublime gliiupses of infinite space and time I 
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CHAPTER YI. 
'hysioaii and Chemioal Constitution of the Sdv. 



§ 1. Ofiniovs or the Anciknts on thx Sun's Nature. 

dimensions and Physical Nature of the Sun according to Andent 
Opinions ; Anaxagoras, Eudoxus of Gnidos. — First hypothesis sug- 
gested by the Discoyery of Sun-spots. 

The ancients had, and could only have, very im- 
)erfect and vague notions of the Sun^s nature — of 
vhat is called now-a-days its physical nature: the 
loubt which at present, as we sliall soon see, possesses 
he minds of the most learned astronomers, after so 
nany years of research and interesting discoveries, 
uflSciently justifies the reproach of being ignorant, 
vhich one is tempted to ofier to them. Without any 
Deans of precise observation, the ancients could only 
ndnlge in conjectures, of course very erroneous, on 
he distance and dimensions of the fiery globe which 
hey looked upon as a satellite of the Earth. Thus, 
inaxagoras professed that the Sun was not much 
arger than Peloponnesus. A century later, Eudoxus 
)f Cnidos believed that the Sun's diamelet ^«^ ^iîwsviX 
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nine times greater than that of thç Moon — an ap|)re- 
ciation that would have been less removed trom trutli 
if the Grecian astronomer had possessed better Dotions 
of the Moon's size than he possessed of the Sun's. K 
we must believe Cleomedes, who, lite the Pytha 
goreans, looked upon the San as being steadily fixed 
in the centre of the world, the Epicurean philosophers 
of his century (that of Augustus) attributed to the 
central orb no greater dimensions than those which it 
appears to have to the naked eye — a circumstance 
which evidences an ignorance of the principles of 
geometry somewhat surprising for a period three cen- 
turies after that in which Archimedes lived. 

However, as long as the true distance of the Sun 
remained unknown, it was impossible to do otherwise 
than speculate as to its size. A fortiori was it so as 
regards its physical nature. The epithets, lucema 
mundij omnia intuenSy visibilia Dcus^ and mens^ 
rector mundi, are evidence of admiration or religious 
adoration, not of astronomical opinion. The notion, 
according to which tlie Sim was a pure fire, the prin- 
ciple of heat and light, was naturally connected very 
intimately with that of the incorruptibility of the 
heavens, and of all the stars which appeared fixed 
upon the various spheres imagined by the ancient 
observers and theosophists. Thus when Anaxagoraa 
was bold enough to profess that the Sun was a mass 
of incandescent matter, he was accused of impiety and 
banished ; the influence of Pericles, his disciple and 
friend, alone saved his life. 
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Do not let us be astonished, however, at these 
errors of a time far distant, when twenty-four centuries 
later — three centuries after the inauguration of the 
experimental system of observation, so many false 
notions and erroneous opinions are spread among the 
immense majority of people ; nor must we be surprised 
at the persecutions which innovators have suffered^ 
for even at the present day it is far from prudent to 
utter one's real thoughts, if they happen to be some- 
what contrary to the opinions generally adopted on sub- 
jects connected with science and philosophy. Rather 
let us feel surprised to find hypotheses enunciated in 
the form of mere conjectures which a very advanced 
state of science could alone demonstrate the truth of. 

The immobility of the Sun in the centre of the 
planetary world is one of these hypotheses to which 
we allude : it was imagined by the school of Pytha- 
goras. Five centuries before the commencement of 
our era, Archelaus, a disciple of Anaxagoras, professed 
that the Sun was a star which surpassed all the others 
in magnitude. Heraclitus, who believed in the rota- 
tion of the Earth, and some other philosophers of the 
Alexandrian school, taught, according to Plutarch, 
that every star was a world existing in the depths of 
tlie heavens, surrounded, like ours, by an Earth and 
planets. These philosophers anticipated Kepler him- 
self, who, in his bold hypotheses on the constitution 
<»f the Universe, more than once outstripped the limits 
of observation and rigorous demonstration. In his 
* Epitome,' Kepler actually says :— 
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^ It id quite possible that the San may be nothing 
more than a fixed star, more brilliant to ns than the 
others simply from its proximity, and that the other 
stars are really suns surrounded by planetary worlds,'* 

Now we have seen above how modern astronomy 
has completely succeeded in assimilating the Sun to 
the stars, or in showing that the stars are sons, if that 
expression be preferred, having points of resemblance 
to our Sun, and certain analogies which permit as to 
consider them as orbs of the same nature. 

The invention of the telescope, the discovery of the 
solar spots at the commencement of the seventeenth 
century, caused the problem of the physical nature of 
the Sun to pass suddenly from the ranks of pure or 
imaginative hypotheses to that of scientific hypotheses, 
that is, conjecture based upon scientific data and put 
forward with a view to explain them. 

Before we enter into details upon the various 
theories proposed to account for the Sun's physical 
nature we will quote a singular opinion, the produc- 
tion of which proves that scientific facts do.not always 
suffice to prevent some people's imagination from 
rushing into the region of the absurd. The opinion 
in question was emitted at the end of the eighteenth 
century, and it would not be difficult to hunt up 
Bcveral others more or less similar, and dating even 
from more recent times. We borrow the fact from an 
English journal, ' The Reader,' in which we find it 
stated that, ' Of all the curious oj^inions imagined to 

* Arago, * Astronomie Populaire/ vol. ii. p. 162. 
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explain the nature of the San, the most extravagant 
is doubtless that which is contained in ^' a Treatise on 
the sublime science of Heliographj, demonstrating 
with satisfactory evidence that the great luminous 
sphere called the Sun is simply a mass of ice," pub- 
lished at London in 1798. " The Sun is a cold body," 
says the author, one Charles Palmer, ^^ since tempera- 
ture decreases as we approach it. Besides which, a 
convex lens of glass possesses the property of collect- 
ing together all the rays which fall upon it, to a 
focus; a lens of ice produces the same effect" For 
this reason the author [evidently insane] believes that 
the Sun is an immense convex lens of ice which re- 
ceives the rays of heat and light emanating irom the 
Almigiity Himself and collects them to a focus on the 
Earth.' 

§ 2. Oh TBI SuKFAOi or the Solar Globe. 

taMpoti ; their general aspect — Nudeas and penumbra— rBrilliant spots 
or facn]»— Forms and dimennons of the spots — Spots yisible to 
the naked eye. 

Copernicus and Kepler, by placing the geometry 
of the heavens upon a firm foundation, opened a new 
field of inquiry with regard to the movements of 
celestial bodies; they laid the basis of celestial 
mechanics, of which Huygens, Galileo, and Kewton, 
were the founders. Mathematical astronomy then 
saw the light. 

There remainedi however, another branch of 
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science which ancient observers had little notion of^ 
and which could, in fact, only arise after the discoverj 
of a new and powerful method of exploring the 
heavens. It is that branch of astronomy which re- 
lates to the intimate nature of celestial bodies, which 
has for its object to study particularly their, forms, 
their dimensions, the details visible on their surfaces, 
lin a word, their physical constitution. The applica- 
tion of optical laws to the construction of telescopes 
was the starting-point of this new branch of astronomy. 

*To the century of great discoveries accomplished 
on the surface of our planet,' says Humboldt, * imme- 
diately succeeds the taking possession, by the tele- 
scope, of a considerable portion of the celestial r^ons. 
The application of an instrument which has the power 
of penetrating space, 1 might almost say the creation 
of a new organ of sense, evokes a whole world of new 
ideas.' 

This was in fact what happened when Fabricius, 
Galileo, and Scheiner turned this new and marvellous 
instrument towards the solar disc. Although, at this 
period the power of the telescope was very slight, it 
revealed for the first time the existence of spots on the 
:Sun, and at once suggested those hypotheses and con- 
jectures which alone are fertile, namely, those based 
upon the results of actual observation. 

The first telescopes used by Galileo magnified from 
4 to 7 times only : the most powerful of them, one 
wliich he constructed himself, magnified only to the 
extent of 32 diameters. The surface of the solar disc 



was thus amplified successively, however, from 16 to ■ 
1024 times. Unfortunately, no une tlioiight of attach- 1 
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observe not only the black spots, and their motion,] 
and tha inodlficaliou of their ibrms, but also to dia- % 
tingiiieh on the Sun's snrface certain portions which ] 
were evidently nnich more brilliant than the neigh- 
boring parta of the disc, tJiose wliieh are now called ! 
faculœ. As these spots, like the others, are carried | 




along by the common mopenient of the Jiacfrom weBtl 
to east, it was not possible to maintam that the black I 
spots are independent of the Sun, and the rotatory I 
motion was thus demonstrated in a very evident I 
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Let us DOW proceed to describe in detail the spots 
of the Sun, as we see them by the aid of the most 
powerful of modem telescopes. 

First of all, we distinguish in a solar spot two tints, 
very decidedly different, as may be seen by a glance 
at figs. 26 and 27. 

One of these tints consists of one or more nuclei, 
which appear black when compared to the general 
brightness of the disc ; the other is a grey tint 8ll^ 
rounding the nucleus or several nuclei, and rather 
improperly called the jpenumbra. Sometimes, but not 
often, black spots or nuclei are seen deprived of a 
penumbra, and a penumbra is sometimes seen without 
a nucleus. 

When minutely examined, the nuclei are far from 
possessing the same tint in every part, though their 
periphery is generally very clearly defined. 

On the dark background certain hollow portions 
are noticed, cavities of darker tint than the back- 
ground; such a structure is seen in the figures 33, 35, 
and 36. The same remark holds good for the penum- 
bra. It is those portions of their periphery in contact 
with the brilliant surface of the disc that are of the 
darkest grey tint, whether it be an effect of contrast or 
a reality, the diflerence of tint is, nevertheless, very 
marked (fig. 28). Besides, the pen umbrae are very 
often striped with lines descending from their exter- 
nal border to the nucleus, sometimes as straight lines, 
sometimes curved, but generally perpendicular to the 
idges of the penumbra and nucleus (fig. 29). They 
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like the beds of a multitude of Btreams that 
urrowed the 




) Bame penuin 
en envelope» 
nuclei (also 
.imhrœ), as we 
il ready seen 
le latter are 



Dm the other 
•ow fragnienta 
/ or brilUint 
; it appears 
s if a nucleus ^ 
ibra) was di- 
nto several pieces 



thin fibres which Hei> 



1« 



'IsaîzKmsbriâgQeL' Tliefiga.a6,37,aiid 
±^. «c^i'T seTeral specmens oi this peculiar stractine. 

Tbe forms of the sp&tE. as may be seen by the no- 
r:irr:*as «iraTÎn^s viiidi are here given from most ao* 
li-ecn;: soimjes. art? ertreroelT Taried. Bnt whatever 
:l«c£r loRBs may be. it is raze that a eertain arailarilj 
•i<>s 3 <K exist betweczi the parts which immediatalf 
scirousd the nndeas and those of the envdopiag 
penombra, a likeness which points evidently to ÛB 
fact that the one is produced by the same caosea ai 
iLe other. The nucleos is seldom ronnd ; generally^ 
its oatiine forms a aort of polygon with inward anglee^ 
and the pennmbra repeats this form. 

The dimensions of the spots are not less varied 
than their forms: some are very small, appearing like 
minute p-rints* even when soratînised with a strongly 
ma^Tiifviiii: instrument : this is the kind of spot which 
is oi^enes: seen as a nucleus without a penumbra, or 
as a penumbra without a nucieus. Figures 26 and 27 
furnish examp'es of the one and the other. Certain 
spots of enormous dimensions have been seen from 
time to time. ' About the middle of the year 1768,' 
savs Lalande, ' I sa^ the largest and the blackest sun- 
spot which I ever witnessed. It was 1', at least, in 
length/ that is, equal to the l-Si'nd part of the Sun's 
diameter, or tiiereabouts. Ajrago mentions a spot of 
167", or nearly three times as lonir as Lalande's. 
Schrœter measured one whose surface was equal to 8 
circle having a radius equal to that of the Earth, 
i is equivalent to four times the superficies of oar 
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ibe: its mean diameter measared about 30,000 miles. 
1779 William Hersehel saw a spot which was not 
3 than 50,000 miles in diameter. Those shown in 
. 30, from a drawing by Capt. Davis, show what 




# 






Fig. SO.-'Large Sno-cpoto aeen on the SOth August, 1889, by Capt. Davii. 

armons dimensions sun-spots sometimes attain ; the 
gest of them, which has, however, a double nucleus, 
\» not less than 187,000 miles in its greatest length : 
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its snpoficies inchidin^ the penumbra, was about 
3S«00(^000«000 square miles. If these spots are, as 
we shall see further on, great rents in the luminous 
oiTdope of the Sun, of what an immense capacity 
those enormons guUs, those gigantic abysses, must be; 
our «dtire globe would appear, in their depths, no 
Iwtget than a fragment of rock rolled into the crater 
of a Toleanol 

With such dimensions as these the spots must 
sememes be visible to tbe naked eye ; and, indeed, 
the intense brilliancy of the solar disc alone prevents 
our seeing them, but we have already shown how this 
obstacle may be easily done away with. It was, 
doubtless, to these phenomena thftt we must ascribe 
the pretended passage of Mercury across the solar disc 
in the year 807 ; the black spot, which was supposed 
to be the obscure disc of that planet, was visible foi 
eight days». In the year 840, it was Yenns that was 
supposed to be seen passing over the solar disc during 
a space of 91 days. Again, in 1096, it was asserted 
that * signs were seen on the Sun,' sig^na in Sole. 
But in those days nothing was known of solar spots; 
after they were discovered these appearances gave rise 
to no more mistakes. Several observers have seen 
sun-spots with the naked eye ; for instance, in August 
1612, Galileo and some of his friends saw a spot of at 
least V in diameter upon the solar disc at sunrise. It 
was seen for three successive days. The sight of a 
solar spot visible to the naked eye in 1779 determined 
"William Herscbel to torn bis attention to the physical 
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natare of the Sun. Herr Scliwabe, who has devoted 
ao many years to the investigation of snn-spota, lias 
Been many that were lar^c enough to be distinguished 
'without the aid of a telescope. ' The principal spots 




e In tha nelgbborbood of a Spot Iroai a Dnwisc by 



appeared,' he says, 'in the years 1828, 1829, 1831, 
1836, 1837, 1838, 1839, 1847, and ISiS. I consider 
as large spots those which cover 50" at least ; it is at 
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about this size that they become visible to peraoïu 
with good eyes, without the aid of a telescope.' 

On the 28tli June, 1868, a very large spot on the 
solar disc was noticed by Mr. W. S. Gilman, of Pali- 
sades, Kock ville Cîo., New York, who wroteofitas'a 
spot visible to the naked eye ; ' and doubtless such 
wonld often be seen if people paid more attention to 
the subject. 

The/aculœ, or brilliant spots, were observed for 
the first time, as we have stated, by Galileo. Most 
frequently they accompany the spots, and are seen 
upon the external borders of the penumbra, so that it 
might easily be imagined that they resulted from an 
effect of contrast between the black surface of the spot 
and the brilliancy of the surrounding portions of the 
disc ; but this is not at all the case, for, besides the 
fact that faculae do not always surround the penumbra, 
that certain spots are devoid of faculae, the latter are 
sometimes seen to appear isolated on the disc, and 
their apparition usually denotes the approaching for- 
matiou of a spot at that point. 

Faculae sometimes take the form of converging 
currents, terminating on various points of the peri- 
phery of a spot, like so many streams of brilliant 
matter. Fig. 31, for which I am indebted to M. Cha- 
comac, furnishes a remarkable example of this state of 
things, very different from those represented in fig. 
29. 
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Structure of the Photosphere ; Pores or Granulations on the luminous 
Portions of the Disc. — * Willow-leaves,' their Disposition near a 
Spot and inside the Penumbra. 

When the disc of the Sun is examined with a 
moderately powerful glass, all those regions which are 
not covered with spots— often the entire disc — appear 
of nniform whiteness, and gives us the idea of a per- 
fectly smooth and flat surface. It is not so, however, 
when we observe the Sun by means of a very power- 
ful telescope. In this case the brilliant surface appears 
covered with a multitude of luminous lines alternating 
with darker lines, and crossing each other in every 
direction, so as to resemble, as several persons have 
remarked, the grain of an engraving. The figures 28, 
32, and 33, will give some notion of this peculiar 
aspect presented by the solar disc. The more obscure 
portions to which we allude have been aMed pores or 
lucides ; they are seen in every region of the disc, 
whilst the spots or faculse only appear, as we shall see 
presently, in a certaiq limited zone on each side of the 
solar equator. We must except, however, the faculse 
themselves, and the nuclei of the spots whose tints are 
nearly uniform ; but those portions of the spots which, 
though of very variable tints, constitute the penumbra, 
when examined with a glass of sufficient power show a 
structure which is very similar to that of the granu- 
lated surface of the disc. The only diflTerence appears 
to be that the pores in the penumbra are much larger, 
so that the less obscure portions of the penumbra 
appear to stand out separate from one another on the 




àarkfiT backgrotiod. Thrir elongated livua cau^ 
tliein lo rt-ceîve frotn Mr. Xastayth, * ccaitcmponn 
Kn^listi (wtronoDier, the name of * wîlIov-Ifkr(&.' 





Other observera liavo aleo noticed tlie esistenoe oi 
S litmiuoua iragiuents, tvliicli have beeo. compati . 
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by the late distingm'shed Mr. Dawes to slashed blades 
of straw, and by Mr. Stone to rie e -grains ; Mr. Iliig- 
gina calla tliem eimply granvlationa. The following 
is tlie manner in wliicb the director of tlie Roman 
Observatory, Proi'esaor Secchi, describes the aspect 
presented by the surface of the solar disc, away from 
fbe spots, on their borders, and in the interior of tlie 
ftenumbra (he observed with a great refracting tele- 
loope, by Merz, having a diagonal ocular glass :) — 

' The luminous background of the Sun is seen as a 
rïnd of tissue over which are dispersed a multitude of 
Ktliite pointa, more or less elongated in form, andsepa- 
»ted by a darker network, the points of intersection 
kf this network appears lite very minute black holes. 
Hie penumbra of the spots are more remarkable ; there 
ire see a great quantity of these elongated white bodies, 
iVfaich, arranged in lines, show themselves as a kind of 
Ûament, and tliese I have spoken of as currents in 
Boraeof my previous observations. This configuration, 
however, is not constant, and the white bodies are not 
always separate in the penumbra. It ia difficult to 
compare them with any known object. I would com- 
pare them to elongated masses of cotton, of every |)ijs- 
Bible form, sometimes entangled one in another, at otlj- 
ers dispersed or isolated. At times these masses are 
distinctly terminated and neatly truncated ; sometimes 
again, they are spread out, and have no distinct termin- 
ation. Their head isgenerally turned towards the cen- 
tre of the nucleus. Tiiey are not unlike great strokes 
of color laid on with a painting brush, very white near 
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tbe head, and gradually lees brilliant towards the taQ 
The general background on which they are dispersed, 
is formed by tlie faint light of the pennmbra. This 
faint light is lengthened out in wide streaks, like the 
cirrhi clonds of onr atmosphere, whilst the other por< 
tions might be compared to camnli. The periphery 
of the entire spot is formed by the heads of all these 
white bodies, which give to it the aspect of a toothed 
wheel with rather prominent teeth.' 

Fignre 33 is the reproduction of an original draw 
ing by Mr. Nasmyth, which this astronomer was kind 
enough to send us. In it may be seen all the detuls 
of a gronp of solar spots, the nuclei formed by the 
two superposed tints ; one, completely black, like the 
depths of an abyss ; the other, somewhat less dark, 
seems to point to a region less deep. AU aronnd is 
seen the penumbra, covered by, or rather entirely 
formed of, the so-called ' willow-leaves,' arranged in 
lines converging towards the nuclei; some of these 
lines more brilliant than others, appear to be the con- 
tinuation of the pores which cover the surrounding 
luminous surface. The latter appears to be formed of 
a closer weaving of the same tissue, a more intimate 
entangling of these singular elements, some of which, 
finding near the border of the gulf a space where they 
can move more freely, are carried into the interior) 
whilst others swim above in the form of luminous 
points. We shall see further on whether these phe- 
nomena can be satisfactorily explained by the theories 
professed at present with regard to the physical con- 
stitution of the Sun. 
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Snch is, in a condensed form, the appearance pre- 
ented to us by the Sun's disc when seen through a 
)owerful telescope ; a luminous surface of uniform bril- 
iancy nearly, save the difference between the central 
egion and the edge of the disc, to which we alluded 
before, and to this surface astronomers have given the 
lame of photosphere^ whatever may be the different 
pinions held with regard to the physical nature of this 
nvelope. 'ïh\& pJu>to^here is covered with pores^ or 
joints, which are less brilliant than the spaces which 
eparate them. Here and there a few spots ; some 
ornied of a black nucleics surrounded by a penumbra, 
•thers, shining with a light more brilliant than that 
•f the photosphere, accompany the dark spots : they 
.re the faculœ. 

A few words now on the apparition, transforma- 
ion, and disappearance of the spots, on their move- 
oents, on the regions in which they mostly show them- 
elves, and, lastly, on their number and periodicity. 



§ in. Apparition, Moyemknts, and Transfobmations ov 

Sun-Spots. 

nieir Number and Periodîcitj. — Connexion of this Periodicity with 
Temperature on tlie Earih, with the Movements of the Planets 
- Jupiter and Venus, and wi^h the Perturbations of the Magnetio 
Needle. 

The spots on the San are not, like those observed 
m the Moon, permanent objects, fixed upon the disc ; 
ivery one of them appears, is bom, if we may so ex- 
18 
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press ourselves, goes thiongh a period of transfiMiiifl- 
tion, and then disappears. The dnration of these 
saccessive phenomena is very variable. 

The earliest observers of son-spots were aware of 
their changeable aspect. According to Fabricius, 
* they change their form and their velocity.' Galileo 
observes, ^ that they are not permanent, they condense 
themselves or divide, increase or are dissipated.' This 
fact was not one of great difficulty to pnt in evidence; 
for sometimes the solar disc was seen full of spots, 
and at others, perhaps none appeared during an entire 
rotation. 

The apparition and snccessive changes of a sun- 
spot until the moment when it disappears completely, 
are phenomena which it is not always easy to follow 
up completely by observation, however assiduous. We 
can never see more than one hemisphere of the Sun at 
a time, and from the diurnal motion of the Earth 
upon its axis, the central orb is only visible during a 
portion of the four-and-twenty hours; moreover, a I 
cloudy sky often prevents observation altogether. 
Thus it often happens that an astronomer, on pointing 
his instrument to the solar disc, sees a spot alread; 
formed where nothing was observed a little time be- 
fore ; or, he sees a spot, observed previously, so trans- 
formed in size and position, that it is scarcely recog- 
nisable again ; or, finally, such a spot is found to have 
entirely vanished, either it has disappeared altogether, 
or the rotation of the solar disc has carried it out of 
•^ht 
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We liave already stated that faculœ are most fre* 
quently seen in tlie neighborhood and on the borders 
of a spot. There exists, however, a more intimate 
connection between them, as Schwabe, one of the 
most diligent of modem observers, truly remarks : — 
* There can be no doubt,' he says, ' that there exists 
an intimate connection between the spots and the 
formation of faculse. Frequently I observe faculae oi 
Inculse at a point where a spot has disappeared, or new 
spots are seen to develope themselves in the faculae.' 

It does not appear probable that the largest spots 
are formed immediately with their greatest dimensions. 
According to Professor J. Chacornac, it is at those 
periods when the solar disc is most devoid of spots 
that a large number of small spots are seen to appear, 
first of all isolated and devoid of penumbra, then 
gradually becoming surrounded with the grey tint 
which characterises the latter, whil&t the spot con- 
tinues to increase in size. The nearest of the small 
black spots are connected together by portions of pe- 
numbra, finally they unite in a common penuiribra, 
and the increasing nuclei blend together into one spot 
of large dimensions. It seems as if they were precip- 
itated one into the other; and whatever hypothesis 
may be proposed as to the nature of sun-spots, there 
can be no doubt that the motions to which we allude 
here really exist. Among the earliest observers, 
Scheiner and Galileo were surprised at the rapidity 
of the changes presented by sun-spots. Derham, 
WoUaston, and William Herschel, have studied these 
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changée very minutely ; the latter has actualljr seen 
large spots formed by the augmentation of a small 
black point which originally formed the naclens, and 
he also has witnessed the disappearance of spots by a 
gradual shrinking of the nucleus, which often divided 
itself at these times into several distinct nudeL *' Id 
this case/ he says, Hhe luminous matter of the Son 
appears to spread over the cavity of the spot like a 
bridge/ 

Arago, in his ^Popidar Astronomy/ quotes a pa» 
sage from "WoUaston, where this observer speaks of 
the sudden division of a solar spot, and compares the 
phenomenon to what happens ' when we throw a sheet 
of ice upon the frozen surface of a pond, and see it 
break into a number of fragments, each of which 
slides away in all directions.' It appears evident to 
us that this comparison must not be accepted too lit- 
erally, Wollaston only wished to convey a notion of 
the relative rapidity with which a sun-spot undergoes 
its transformations. 

M. Laugier having measured the relative positions 
of two spots, concluded that one had receded from the 
other, supposing the latter to be fixed, with a velocity 
of 121 yards per second. According to the recent 
observations of M. Chacomac, small spots are pre- 
cipitated into larger ones with a velocity which some- 
times attains to 599^ yards per second. It is shortly 
after the apparition of a group of spots that the most 
extensive and rapid changes occur. This would ex- 
plain the difference — more apparent than real — be 
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tween the spots which are seen to nnderp> rapid Tari- 
ations, and those whose permanence would indicate 
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F'(. SO.— Sama Spot, Hat Oclabec Fiff. 37.— Sums Spot, 2d Kuv. 

that tb^e variations were over at the time of observa- 



tion. For instance, in Joly, 1865, & great cireniar 
spot preserved its size and form Irom the 7th to the 
20th July, that la, during tbe whole time that it was 
observed, whilnt a group which, at the latter date, 
occupied tl e middle of the solar disc, underwent 
rapid change in its torm and dimensions. 




The figures 34 to 41 represent spots whose varia- 
tions have been observed at certain intervals. The 
first four show what liappens to a solar spot observed 
every second day; in the two following the change 
undergone in the space of one day is depicted from 
the observations of an English astronomer, Mr. How- 
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et, made in October, 1865. Lastly, in âgures 40 and 
11, may be Been the traiiBformatioQB operated in Beveral 
^npa of sao-Bputa dnring tlie period of au entire ro- 
tation; there are, at the same time, plaiu indications 
3f a considerable amount of proper motion, which 
lias changed the respective positions of the groups, 
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f^f. Ml— Sou Spot oliwmil on the isth and Uth OoL, IW, bi It. OhMmuu 

(•<:« tig. S8). 

ind proof of the intimate transformations going on in 
iach of them. 

We see, then, that solar spots vary incessantly in 
brm and position. The period during which they 
jzist on the Son's sur&ce is also very variable. Some 



râôo 

-generally the smalle&t — merely appear anj dieap 
pear, they last for a mere Cractioii only of tlio SiiiJ 
days in which the rottition of tho Sun ia accom- 
plished. Others, on the contrary, remain visible 
diiriug several successive rotations, most frequently 
during one or two rotations. 



Cassini said in 1T4U ; 'None were ever seen to 

last 80 long as that which was seen in Koveiuber and 

December 1676, and again in the month of Jaiiuarj- 

1677, having remained upon tho disc of the Snn for 

' a period of seventy days.' But tho gi-eat spot of 

) remained visible for six montlis, and in 1810 

hwabe saw one which returned eight times, the 

^^diiratiou of which covered 200 days, or nearly, seveji 
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Is it true that some spots whicb have disappeared 
show themselves again upon the solar disc atler a 
eertaiD interval, and at the eame point of the disc, as 
Cassini and Lalandc believed ? Caseini looked npon 




the sput which appeared in May 1702, as identical 
with that which had disappeared at the same point in 
May 1695. Lalande also asserts most positively that 
considerable spots reappear at absolutely the same 
physical points of the solar disc. According to Mr. 
Carrington, who has studied sitn-spots during the 
lengthened period of seven consecutive years, it is 
difficnlt to form an opinion on this snbject and to de- 
clare the identity of the spots which show themselves 
in the same regions. Etc brings forward, however,* 
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a considerable number of cases in which the return of 
the same spot offers some degree of probability. The 
most remarkable case is that of tbnr groups, the first 
of which was visible from 24th to 30th September, 
1857, the second from 16th to 18th October, the third 
from the 15th to 28th November, and the fourth on 
the 19th December of the same year. But, on ac- 
count of their change of form, and slight alterations 
in their respective positions, it is, almost impossible to 
establish their identity with certainty. 

Certain it is, however, as the earliest observers 
were aware, that spots do not show themselves indis- 
criminately in all the regions of the solar disc. Galileo 
professed that they were limited to a zone extending 
some 29° on each side the solar equator. According 
to Scheiner and Hevelius this zone is 30°, and was 
called the royal zone at that period of history, as this 
region had the privilege of becoming covered with 
spots (maculated). 

The width of the zone, however, increased as ob- 
servation made progress, and in 1777 Messier saw a 
spot 41i° from the Sun's equator. In 1780 Méchain 
and Lalande saw another whose latitude was 40°, and 
about 1840 M. Laugier saw several on the 41st parallel. 
A group seen by Mr. Carrington in July 1858 was 
situated in 45° south latitude. Examples of spots 
being met with in higher latitudes than these are very 
rare : one was seen, however, by Ilerr Schwabe at 50°, 
and another by Prof. Peters, of Hamilton College, at 
50i°; finally, a spot was described by La Hire aa 
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being in the 70tli degree of north solar latitude, which, 
as Humboldt remarks, must be ranked as a very great 
curiosity. 

Solar spots are not uniformly distributed, however, 
through this zone in which they make their appear- 
ance, and of which we have endeavored to show the 
limits. Though they are never seen at or near the 
poles, and rarely beyond the 45° of latitude, they are 
rare enough at the equator itself, and at a few degrees 
only on each side of it. To render this more clear, it 
will be necessary to quote a few figures. In the 5290 
observations made by Mr. E. C. Carrington, which 
comprise 954 groups of spots we only find 50 groups 
in the neighborhood of the Sun's equator; 20 between 
0° and + 4° latitude, 30 between 0° and - 4° ; one 
only actually cuts the equator. The other groups 
were distributed pretty much as follows : about 200 
up to + 10° and — 10° ; 640 from these two latitudes 
to 30° N. and 30* S. ; beyond this we have only about 
60 groups. It is evidently between 10* and 30** that 
the spots are most abundant, as may be seen at once 
by a glance at Fig. 42, which is a small reproduction 
of the three large plates in Mr. Carrington's work 
above-mentioned. 

\ . According to Sir John Herschel the actual equator 
of the Sun is less frequently covered with spots than 
the adjacent zones on each side of it, and there exists 
a characteristic difference between their number and 
dimensions in the northern and southern hemispheres; 
the northern spots are both more numerous and larger 
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than thoae of the otiher zono. The region between 
11* and 16* north latitude, is particularly fertile Id 
large spots of long duration. This opinion, which is 
reproduced in the * Cosmos ' of Humboldt, is contra- 
dicted somewhat by the observations of Mr. Carring- 
ton, for of his 954 groups of spots we find 436 in the 
northern hemisphere and 518 in the southern. This 
result certainly is opposed to the opinion we have just 
cited, as far as the number or frequency of spots is 
concerned ; and if we may judge from the drawings 
given in Mr. Carrington's splendid work, the spots of 
larger dimensions appear to have been equally nu- 
merous in each hemisphere. But it must not be for- 
gotten that the observations which we are contrasting 
with one another were made at different periods. It 
may be that there exist certain periods at which sun- 
spots are really more numerous at one side of the 
equator than at tlie other, and reciprocally. 

The ligure 42, just alluded to, shows how much 
successive years differ with regard to the frequency of 
sun-spots. The number of groups observed diminishes 
from 1853 to 1856, period at which a minimum oc- 
curs; it then increases rapidly to 1860 or 1861. In 
1860 this number is 297, or 13 times greater than in 
1856, when it was only 23. 

From the date of the earliest observations to the 
present time astronomers have called attention to the 
great difference in the frequency of sun-spots accord- 
ing to the various epochs. Scheiner speaks of 50 
Bpota seen all at once uijon the solar disc in 1711. 
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TUB BOLAS SPOTS. 

'rom 1700 to 1710 tbey -were also toleratly du- 
leroua ; in 1 716 no less than 21 groups of spots were 
bserved, among which 8 were siuiultaneoualy visible, 
rom 1717 to 1720, still more were eeen, particularly 




I a kind of equatorial belt appeared to I 
e formed liy them. In 1740, and in October 1759, I 
un-spotB were likewise very frequent. Sclitcatetj 



208 THB BUS, 

counted 68 spots all yisible at once, and at anothei 
time 81. William Herschel saw 50 in 1801, and 40 
in November 1802. 

Figure 43 shows how numerous sun-spots some- 
times are on the solar disc even when thev are of con- 
siderable size. 

On the other hand, they appear to have been very 
scarce from 1650 to 1670, from 1676 to 1684. None 
were seen from 1695 to 1700, nor from 1711 to 1713. 
In 1710 and 1713 one only was observed. According 
to the astronomical correspondence of Baron Zach, 
29 months elapsed from 1821 to 1823 without any 
spots being observed on the Sun's disc ; on the 10th 
July, 1823, only a few made their appearance. 

By combining and comparing together all these 
various data and adding to them the results of his own 
observations made from 1826 to 1850, Prof Schwabe 
of Dessau has placed beyond doubt the existence of a 
nearly regular periodicity in the occurrence of solar 
spots; but it is probable that the period of 10 or 11 
years which results from his researches undergoes a 
certain variation itself. The numerous observations 
of Mr. Carrington, already quoted, and the continuous 
lescarches carried on at the Observatory of Kew, by 
Dr. Balfour Stewart and others, combined with those 
of Ilerr Schwabe, will help to solve this problem of 
Bolar physics. 

In order that the eye may embrace in one glanco 
the periods of maximum and minimum through which 
Bun-spots have passed for more than a century, we 
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have given in Fig. 44 the carve established by Mr. 
Oarrington from his own researches and from those 
of Prof. Wolf of Zurich, who has investigated the 
older series of observations. Underneath are seen 
two other cnrve^, the lines of which follow, more or 
less regularly, those of the first. One of these indi- 
cates the various distances of Jupiter from the Sun, 
for it appears to have been remarked that there exists 
a certain correlation between the proximity of that 
planet and the most numerous apparitions of sun- 
spots. The mass of Jupiter, which is relatively con- 
siderable, could it possibly have an influence on the 
solar surface analogous to that which the mass of the 
Moon exerts on our Earth and causes the tides ? This 
is a question which is not yet decided, but is extreme- 
ly interesting.* 

* If essrs. Warren De La Rue, Balfour Stewart, and Loewy, have 
deTOted much time to the study of solar physics, and to the probable 
influence of the planets Jupiter and Venus on the distribution of sun- 
spots in latitude. They appear to have observed that when one of 
these planets passes across the plane of the sun^s equator it drags, as it 
were, the spots into the equatorial region of the disc ; they spread 
towards the poles on the contrary when the planet passes away from 
(he equatorial plane (see ^ Monthly Notices of the Astronomical Soci- 
ety,' Nov. 1866). 

[Those of our readers who would wish to follow up this apparenîily 
fertile field of physical discovery would do well to consult the valuable 
'Researches on Solar Physics' by the three authors above named 
(printed for private circulation by Taylor and Francis, London, 1866), 
vid also the papers communicated by Prof. Balfour Steir'u't on this sub- 
ject to the * Proceedings of the Royal Society.' It is certainly one of 
(he most interestiDg and important disoovetiea o( modern \Àni^ ^^>^\ 

1A 
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In tho third cnryc given m oar Sgfxre the aosulsr 
tutnn in the price of wheat in Engïatnd dxsAig izJè 
tirno rnay I>e u^n. TIiû conre is broo^it fi>rT&r«: 
hero \Hi(:ti\\àC Sir William Hersehel had conclifriei 
from fiome ther>rctieal views of hi» un the pfajacal 
conHtitotion of the San, that the spots famish an in- 
dir:ation of an inerea^e in the qnantitj ct heat and 
li;(}it emittefl from the regions whcie dicj occur. 
ThoHO nidiations would, therefore, be iiK»e intense 
whon tlio B]>otB are most nnmerons^ and hence the 
frioafi tcm]>crature of tlic Earth woold vary somewhai 
on thoeo occa&iong. In order to prove this^ the iilns- 
trioiiH aAtroiiomer, not liaving sufficient meteorologi- 
f'jil data at lii» disposal to solve the problem, songht 
fryr another test, and took the price of wheat as a tenii 
of coniparÎHon ; he tlioiight he had found that for a 
p(;rio(l (îxtondinf; over about two centuries, the price 
of wheat liad been higher when the Sun had shown 
the ]('MhI KigriB of spots. 

'Iluj riiMîHtion was examined again by M. Gautier 
of (ieneva. F. Arago and M. Barratt made still 
more (roinph^to tabuhitions, taking into account the 
miineroiiH results furnished by modem meteorological 
reHearehes; and their conclusions contradict those of 



future roAcarch confirm it, that planets far removed from the Sod, can 
cauHo mcchaiiicol changes on ko vast a scale as that exhibited hj sun- 
Mpots. Compare also the very interesting paper by Camille Flamma- 
rion, entitled * Le Soleil, sa Nat-ure et sa Constitution physique ' in liii 
excollent * Etudes et lectures sur TAstronomie,' publinhed at Paris, in 
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Uerschel. However, this is a problem which can 
only be completely solved by a still greater accumu- 
lation of comparable facts. If there exists a connec- 
tion between the spots of the Sun and the tempera- 
ture of the Earth, it is by comparing the mean tem- 
peratures of a great number of countries, situated in 
different latitudes, and in all parts of the world, that 
the fact will be proved. 

As Arago truly remarks, ' In these matters we 
must be careful how we generalise facts before we 
have a very considerable number of observations at 
our disposal.' 

The periodicity of sun-spots has been placed in 
connection with another terrestiial phenomenon, 
namely, the motions of the magnetic needle. The 
d'.iirnal variation of this apparatus has also a maxi- 
mum and a minimum, the period of which appears 
to be about ten years, and to correspond with the 
period of sun-spots. It results from observations 
inade in recent times by Prof. Wolf, Prof. Secchi, 
and General Sabine, that the epochs of greatest fre- 
quency of solar spots are those in which the greatest 
perturbations of the magnetic needle have been no- 
ticed. According to Wolf, however, there would be 
three different periods, either for the spots, or for the 
needle, and particularly for the aurora borealis : the 
first appears to be 11 years 40 days, the second 65^ 
years, and the third 166 years. Are these accidental 
connections, or are they really due to a magnetic in- 
fluence which the Son exerts upon the Eactkt 
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§ 4b Wkat abs Suv-spots? 

Vftrioos cmOMtiim cotg ni iiig the Physical Constitution of the Smi-i 
Theories of WîIh» and W. Heracbel— The Spots are Gavitied- 
The Photosphère is an Incandescent gaseous substance. 

Until now we have remained strictly within the 
limits of actual observation, that is to say, within the 
bounds of positive facts famished by science : we are 
now abont to penetrate into the domain of conjecture 
and hypothesis in endeavoring to reply to a question 
which many thousands of people, both ignorant and 
learned, have asked already, and which many of our 
readers have doubtless asked themselves whilst perus- 
ing this little volume. 

What is the Sun ? 

If the science of astronomy conld solve ihis great 
problem, it would be nearly capable of solving that 
of the entire Universe, at least so far as we know, for 
we have already seen that such a question is equiva- 
lent to asking, — 

What is a star ? 

As our readers will easily imagine, all the theo- 
ries exhibited for the last 250 years, that is, since the 
Sun was iirst observed with a telescope, are based 
upon the phenomena presented by sun-spots. It was, 
tlierefore, essential to describe with some detail all the 
peculiarities of their structure, their formation, and 
their real or apparent motions, their periodicity, and 
their distribution on tlie surface of the immense 
sphere. We have done so ; let us now review the 
poihesis in question. 
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When it was once proved — and it was not long in 
being so — ^that the spots certainly belonged to the 
body of the Snn itself, the various observers gave 
each his own opinion of them. 

Galileo, first of all, regarded the spots as a kind 
of smoke, as clonds, or froth, formed on the surface 
of the Sun, and swimming on an ocean of subtle oi 
fluid matter. Helvelius was of the Fame opinion as 
the great Florentine. Other persons also considered 
the spots to be something floating on the surface of 
the Sun ; but sometimes it was thought to be bitu- 
minous matter expelled from sunken volcanoes, or 
irregular solid bodies plunged in a fluid, and appear- 
ing from time to time at its surface. The following 
lines show how Cassini II. exhibited the various 
opinions current on this subject in his time ; he has 
been pri^dent enough, however, not to give his own 
opinion in favor of one or the other conjecture. 

' Some people,' says he, ' believe the Sun to be an 
opaque body having aA irregular surface somewhat 
like that of our Earth, its irregularities being entirely 
covered over by a luminous fluid matter ; that this 
fluid being drawn towards certain parts more than to 
others by a kind of tide action allows us to see now 
and then one or more of these points or rocks under- 
neath ; this produces the appearance of spots, around 
which exists a kind of froth or spray represented by 
die nebulosities (penumbrse) ; that the spots disappear 
when these points are again covered by the fluid, and 
appear again when the fluid moves oif to another 
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part : this explains tolerably well why they reappeai 
on the same portion of the Sun's disc after a certaiD 
number of revolutions.' 

This first opinion is that of La Hire, which La- 
lande still regarded in 1764 as the most probable. 
At the present day, since the proper motion of the 
spots on the Sun's surface has been proved by so 
many direct observations, it is unnecessary for us to 
refute an opinion which requirep them to be perfectly 
immovable, and is, moreover, in contradiction with 
the appearances presented by the penumbra, always 
darker near the borders than next to the nnclens. 

' Others,' continues Cassini, ' have imagined that 
the centre of the Sun is an opaque dark nucleus, en- 
tirely covered by luminous fluid matter ; that in this 
opaque body ttere exist volcanoes similar to Vesuvius 
and Etna, which throw out, from time to time, masses 
of bituminous matter, which find their way to the 
surface of the Sun, where they produce the effect of 
spots, in the same manner that a new island was 
formed in the Archipelago near Santorin and another 
near the Azores ; that this bituminous matter is altered 
or decomposed by that which covers the surface and 
which gradually consumes or dissolves it, forming 
those nebulosities and transformations which are re- 
marked in the spots ; the latter disappearing when 
this bituminous matter is completely consumed or de- 
stroyed ; that they appear again, however, at the 
same points of the solar disc, when the volcanoeo 
throw up another lot of bituminous matter. 
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^ Some have concladed that the Snn is composed 
oi a fluid matter in which certain irregular solid 
bodies are plunged, and that these are sometimes 
brought to the surface by the motion of the fluid ap- 
pearing as spots, the forms of which differ with those 
of tlie said irregular solid bodies. . 

^Lastly, others have imagined that the Sun is 
formed of a subtle fluid matter in a constant state of 
agitation ; that the gross matter contained in the for- 
mer is separated from it by the rapid motion of the 
fluid, and is carried to the surface in the form of Jfroth 
and foam, like that which appears on a melted metal 
or any other boiling matter, this scum is moved about 
by the fluid matter of the Sun, and so appears in the 
different shapes and aspects taken by the spots, which 
we see, independently of optical illusions, increasing 
)r diminishing in size, approaching or receding slight- 
ly to or from each other, and disappearing when dis- 
sipated entirely by the constant agitation of the subtle 
matter of which the Sun is composed.' 

These primitive explanations of sun-spots are only 
rough interpretations of the phenomena as they were 
first observed : the spots had not been studied in all 
the details of their movements and their structure ; 
and the necessity of explaining the latter was, of 
course, not then felt. It is to be remarked that the 
two first conjectures suppose that the spots always 
make their appearances at the same points of the disc, 
as they admit them to depend on rocks or scoria from 
volcanoes in fixed positions. The two others resem- 
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h\e the preceding very much, since thev also make 
out tlie spots to be solid bodies, scoriae, &c., but they 
'iiti'er widelv in an important point, tIz., thej con- 
•îi'ler the spots movable, and therefore capable of 
showing themselves in any region of the solar disc 

It is useless for ns to linger over these first rough 
sketches of a theory of the Snn; the reader will 
easily perceive, from the descriptions of the detailed 
observations of solar phenomena, their principal de- 
fect, that is, their inadequacy to explain these phe- 
rioniena. 

Let lis now examine a theory imagined by the 
Sr-otcli astronomer Alexander Wilson, a veiy inge- 
nious theory subsequently modified and completed by 
['<Mle, hikI by William Herschel, and affcerwaids 
•I'iopted and perfected by a considerable nnmber of 
Aioi-e iin>dLTR philosophers. In spite of the serious 
objections that have been raised against it of late 
years, tliere are still many distinguished men who ad- 
here to it. We ninst leave aside the history of the 
different phases through which this theory has passed, 
however instructive such a history may be, and shall, 
therefore, limit ourselves to the exliibition of it, as 
given about twenty years ago by Arago in his 'As- 
tronomic Populaire.' 

It is essentially distinguished from the older theo- 
ries by considerinf;^ the spots to be, not solid bodies 
(Mii(T^in<; and floating on the photosphere, but cavi- 
ties existini}; momentarily in the luminous envelope 
of the Sun and permitting us now and then to view 
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dobe. The entire globe wonlfî, according to this ti 
', be Sormeà in the &llowiag mftmxei '. — 
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* In the first place, internally, we have a sphericaJ 
nudens, relatively obscure, surrounded at a certain 
distance by a first atmosphere hhh (fig. 45), which 
may be compared to the Earth's atmosphere, when 
the latter is occupied by a continuous layer of opaque 
and reflecting clouds. If we place above this fii-st 
layer a second luminous atmosphere a a, which we 
will call t\\Q photosphere^ this, more or less distant 
fix)m the lower cloudy atmosphere, will determine the 
visible periphery of the central orb.' 

Let us see now how this theory accounts for the 
appearances presented by sun-spots and the dark or 
light portions of the disc. 

We may imagine that gaseous matter is formed 
from time to time at the surface of the dark nucleus, 
the high temperature of which causes its deflagration, 
or that this surface is strewed with foci of volcanic 
action which rupture, from time to time, the two 
atmospheres of the Sun, producing cavities through 
which we get a glimpse of the dark central nucleus. 

Such openings would generally have the form of 
irregular cones, widened at their • external surfaces, 
allowing the solid dark body of the Sun to be seen 
through their narrow ends, and the cloudy atmo- 
sphere of a grey tint all around. Hence the appear- 
ance of black spots surrounded by penumbra. 

But it may happen that the opening is wider in 
the cloudy atmosphere than in the luminous envelope, 
or photosphere ; in this case the dark nucleus alone 
would be seen, and we should have a spot without a 
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penumbra. Again, the rupture of the first grey en- 
velope becoming closed before that of the photo- 
sphere, would have for eflFect to shut out the view of 
the dark globe, and we should have a pennmbra 
without a^ nucleus. A violent and sudden outbreak 
occurring in a gaseous mass, such as the photosphere 
is supposed to be, would produce all around the open- 
ing a condensation of the matter of which the photo- 
sphere is formed ; hence an increased luminosity in 
these parts giving rise to what are called facndœ^ 
which almost always surround the spots. 

This theory of the physical constitution of the Sun 
accounts in a tolerably satisfactory manner for the 
various phenomena observed in detail on the solar 
disc. The various forms of the spots, their disap- 
pearance, even their motions, are thus explained in a 
very natural manner. The fact often noticed, that 
the nucleus of a spot diminishes gradually, and is 
finally reduced to a small point before disappearing 
entirely, leaving the penumbra for a short time alone, 
is perfectly explained by it. It is easy to conceive 
also by its aid how the faculae subsist for some time 
after the disappearance of a spot, and even become 
somewhat more intense, for a certain interval would 
certainly be required before the perfect uniformity 
of the gaseous layers, or atmospheres, could be re- 
established ; the gaseous matter would precipitate 
itself into the vacuum formed by the rupture, and 
being condensed would become more luminous. 

Besides ascending currents, rapid and powerful 
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enangb to mptnre the atmospherie enydopes of the 
Bun, we may imagine that a c<Hitinaal agitation exists 
in these gaseons strata and on the soiface of the pho- 
tosphere. This surface wonid be, therefore, not 
smooth, bat rough, having eminences and depressicHis 
in every direction, like the waves of the ocean. 
Hence those lines of light and shade, luminous and 
obs(;ure ridges, which have been called lueulœ / hence 
also that multitude oi pores which caose the disc of 
the Sun to appear covered with points, to which wc 
have already alluded. 

All these explanations of the phenomena present- 
ed by sun-spots are based upon two hypotheses : the 
first admits that the spots are cavities in the Inminous 
envelope ; the second, that the nuclens of the Sun is 
a dark globe, and tliat the light of the photosphere is 
that of a luminous incandescent gas. It remains for 
us to SCO whetlier these two conjectures can be sup- 
ported by the results of actual observation. 

In the first place let us inquire. Are the spots 
really oj^enings or cavities in the photosphere? 

To present the subject in its clearest light, let us 
consider a circular spot, the black nuclens of which 
18 Burronnded by a penumbra of nearly equal width 
all lound ; and let ns suppose that it changes neither 
in Bizc nor in form during the whole of its passage 
across the solar disc, from the eastern to the western 
limb. It is only when at the centre of the disc that 
an observer would see it in its true form, which would 
be that of two concentric circles, or a black circular 
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object snrronnded by a greyish-colored ring. Before 
it arrives at the centre of the disc, and after it has 
passed over this centre, the effect of perspective will, 
of course, cause a deformation of the spot, its true 
dimensions will be preserved parallel to the axis of 
rotation, but its width will shrink, and it will become 
more and more narrow as it approaches the border or 
limb of the disc. There it will be seen as two con- 
centric ovals. 

If the spot and its penumbra are merely superfi- 
cial accidents of color entirely on the surface of the 
photosphere, what should we see in such a case ? 

It is evident that the greyish ring forming the i e- 
aumbra would appear narrower at that side of tlie 
spot where the obliquity of the visual rays is great- 
est ; that is, on the side nearest the edge of the Sun ; 
and this inequality in the width of the penumbra 
would be the more noticeable the nearer the spot gets 
to one of the Sun's edges. 

If the spot is an eminence, or something project- 
ing from the surface of the disc, the above effect 
would be still more striking, and the black centre in 
this case would, when seen in perspective, quite mask 
that portion of the penumbra nearest the edge ; this 
portion would disappear completely whilst that part 
of the penumbra turned towards the centre of the 
disc would remain visible. 

Lastly, if the spot is a cavity of which the penum- 
bra forms the sloping sides, we should see exactly the 
reverse ; we should see what we have represented in 




'.fli'rn t!if; Mai.-k nu'rlen;. wl.ich U :':o bi^trora of the 
ravity. 'li-ftpi/tir- rru:» onr sijht : tlien tlie i>emim- 
hrti (pdtUi-^ t!i!:]r;<-r a;i'! tSiinner a-~ it nears the edjre, 
flîsîipiv:!iri- iik..-wi-i; ln;l'..re t-jiieîiinir the Pun's border. 
Siicli H-<:ri: j(rc";i^':l.v tiie appearances observed by 
Wil-viti i:i 17*i!', wliii-li ■::ijrcreitod to liiin the hypothe- 
(lih fiiurr'A to above. Sim -e ttien numeroos obsen'ft- 
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tiong, and fleveral new ai-gnments which eee 
thoroughly decisivi.', Iiave couiirriied this particular 
point io tlie Sud'b history, ami it appears thereforu to 
be well proved thiit the spots are really opeuings in 
the Su n'a photos plie re. 

M. Faye, in alluding in some of his writings tôj 
these decisive proofs, quotes a remarkable obserratioi 




pemuiilini in Alvi, Wilua's bno''>"i>' 

made by Galileo, and often repeated since his time. 

Two spots being seen near to each other at the centre 
of the disc, and separated only by a thin strip of 
light, it is evident that if the spot nearest the centre 
was a prominence on the Sun's surface, this strip of 
light would soon be masked by it, whilst in reality it 
Temains visible to the very edge of the disc, diminiall- 
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ing in vidth only sccording to the laws of pénpec»- 

tivo. 

Id a letter tcq receivod from H. Ghacornac in 
1865, lio lays great streas on this fact, namely, tiiat if 
the spots were prominences, Boch as clonds, &e^ 
' they would never be seen to disai^pear before tbsj 
arrived at the edge of the disc,' a thing which is, CD 
the contrary, generally obserred 




If ones wo admit thai snn-Epots are cavities, or 
niptures in the lumirioua photosphere which envelopes 
the Sun, it is difficult to guard against the illneion 
which causes us to imagine the existence of a hole 
when we see a black spot detaching itself upon a 
lighter background. In. fig. 48 we have a spot which 
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appears like a gigantic whirlwind or cyclone — an 
immense funnel into which the luminous matter of 
the photosphere is being engulfed and absorbed. 

But such an illusion would not have sufficed to 
explain the appearances presented by sun-spots, with- 
out the aid of actual observations. A curious ex- 
periment by Mr. Warren de la Rue turns such an 
optical illusion into an argument which tends to 
transform it into a reality. This learned and ingeni- 
ous astronomer took some photographic views of the 
same spot at two days' interval, in order to obtain 
ihem under the proper visual angle to produce relievo 
in the stereoscope ; and when seen in this instrument, 
the photograph shows the spot most perfectly as a 
funnel-shaped cavity. 

On the 16th November, 1868, M. Delaunay pre- 
sented to the French Academy of Sciences a photo 
graph of the Sun, recently obtained by Mr. Warren 
de la Rue. This picture was taken just as a con- 
siderable sized sun-spot was exactly on the edge of 
the disc. At this point we see in the photograph a 
hollow excavation, which indicates most plainly the 
existence of a cavity in the photosphere where the 
spot occurred. 

Lastly, by investigating a very large number of 
spots, and measuring the width of the penumbra to 
the right and to the left of the line which represents 
the Sun's axis on the disc, the astronomers of Kew 
have obtained results in accordance with the hypothe- 
sis in question. In 605 different caaea t5 ^i&.^^ \^^ 
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results, that îb to say, the penumbrœ were of equal 
breadth on each side of the line ; of the remaioing 
630, 456, or 80-04 per cent., presented appearances 
in accordance with Wilson's hypothesis ; 74, or 13*96 
per cent., presented a contrary appearance.* By 
measuring the length of the penumbra, as they meas- 
ured its breadth, the same authors found that the 
foreshortening or perspective view of the spots was 
such as is required by Wilson's hypothesis. 81 per 
cent of the spots had their penumbne wider towards 
the poles than at the side next the centre of the disc. 

It appears then to be clearly proved that the spots 
and their penumbrœ are holes or cavities which ap- 
pear from time to time in the Sun's photosphere. 
This first part of the theory appears to be incontesta- 
ble ; let us see whether the second point is as proba- 
ble, that is, whether the globe of the Sun is formed 
bv a dark nucleus, surrounded at a certain distance 
by two euveloj^s or atmospheres — one not self-lumi- 
nous, but capable of reflecting light ; the other self- 
luminous, forming the visible periphery of the Sun 
itself, and l>eing the source of its luminous, calorific, 
and chemioal n\diations. 

In the fii^t place, is the photosphere formed of an 
incandescent gas at a high temperature, as the theory 
suppose* it to l>e i or is it more probably a liquid 
ocean, a mass of molten matter, or a solid body in a 
state of ineaudesoenee ! 

* D» Ia IU<>, Bsdfwxr Si«wmit^ and Low«y, * Resoarchee on the 
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If the spots are really cavities, the two last notions 
may be rejected at once, for if these cavities were 
produced in a liquid, it is incredible that they should 
last so long, or that the equilibrium of the masses 
which form the sloping sides should remain disturbed 
for days, weeks, or months together; in fact, that 
these enormous excavations are not at once filled up. 
And if the photosphere is composed of solid matter, 
the spots would have to bo considered as external 
bodies projecting from the surface of the solar globe. 

Nevertheless, these are only negative proofs. Ara- 
go has supplied a positive argument in favor of the 
gaseous nature of the photosphere. According to some 
of his experiments, light which emanates at a very 
small angle from a solid or liquid body in an incan- 
descent state constantly shows traces oî polarisation.* 
Light which comes to us from the edge of the Sun 
shoxdd, therefore, be more or less polarised^ if it ema- 
nated from a liquid or a solid substance ; received in a 
polariscope, -such light would be decomposed into two 
beams of complimentary colors. Such, however, does 
not occur, and observation proves that at whatever 

* The meaning of the tenns polarisation, polarised light, and 
natural light, which we cannot stay to explain here, Is fully given in 
works on Optics, or treatises on Physics. [Light which is polarised 
possesses certûn properties which distinguish it from natural light. It 
may be polarised in several ways ; for instance, by reflection at a cer- 
tain angle firom polished surfaces, by transmission in certain directions 
through crystals, &c. Light which is supposed to be polarised is tested 
in an instrument called a polariseope, invented by Arago, and in which 
U reveals by color, &c., some of its peculiar properties. — ^P.] 
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angle, or at whateyer region of the disc it is examined, 
the light of the photosphere is always in the natond 
state, such as emanates from an incandescent gaseous 
substance ; ^ to be precise,' says Arago, ^ such as illu- 
minates our shops and lights our streets.' 

This experiment, which appears so decisive and 
to prove so incontestably the gaseous nature of the 
Sun's photosphere, has been nevertheless called in 
question ; * and it has recently been put to the test 
of another optical experiment no less important, which 
we will now refer to, as it has been attempted to 
deduce from it a new theory of the physical constitu- 
tion of the Sun. 



§ 6. CONTKMPORART YlIWS RIOARDINO THI PhTBICAL GoNSTITUTIOH 

OF THK Sun. 

Spectral Analysis of Solar Light and Theory proposed by Eirchhofl^ 
Bunscn, and Mitscherlich. — ^M. Faye*s Theory. 

When the light of the Sun is decomposed by its 
passage through a prism, it produces an image formed 
of various colors, arranged in a constant order, and 
known as the solar spectrrim. This spectrum is, 
moreover, crossed by a multitude of dark lines, some 
wider than others, and more easily seen, but a vast 

* [Sir John Herschel has intimated in his * Astronomy,' that the 
rays emanating from the edge of the Sun cannot be totally composed 
of the exceedingly oblique beams of light supposed by Arago, and that 
this experiment, in appearance so conclusive, really leaves the question 
pretty much where it was before. — P.^ 
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nninber too fine to be distinguished without the aid 
of special apparatus. 

A light emanating from any other source than 
the Son gives also a spectrum when it is caused to 
pass through a prism ; but, according to the nature 
of the source of light, the different spectra can be 
distinguished from one another by certain special 
characters, and at present these distinct kinds of 
spectra are arranged as follows : — 

A spectrum of the first order forms a continuous 
colored band quite xminterrupted by dark lines, or by 
brilliant lines. The light which produces such a 
spectrum is that which emanates from a solid or 
liquid body in a state of incandescence, but opaque. 
Lime, iron, magnesia, &c., heated to a temperature at 
which they become luminous, give a spectrum of the 
first order. 

A tepectrum of the second, order is formed of 
luminous colored lines, separated by wide dark in- 
tervals. Such a spectrum is produced by gaseous 
sources of light, and according to the nature of the 
gas examined the bright lines vary in number, in 
position, and in color. Hence it is possible to inves- 
tigate chemically any gases present in a flame, and 
to determine their nature by the lines observed in the 
spectrum of this flame. 

Lastly, a spectrum of the third order is that in 
which dark or black lines interrupt the continuity of 
the colored band ; such a spectrum is produced by a 
beam of sun-light. Kow a few years ago the German 
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ProfesBorg Kirchhoff and Bansen explained how these 
dark lines are produced in the luminous spectnmL 
Thej showed that the Irigkt lines which form the 
spectrum of an incandescent gaseous substance are 
transformed into dwrh lines when a more intense 
source of light capable of giving a continuous spee- 
trum is placed behind the flame. 

Thus the lime-light (or Drummond light), which 
is produced by lime rendered brightlj incandescent, 
gives a continuous spectrum, and the faint flame of a 
spirit-lamp burning alcohol saturated with common 
salt gives for its spectrum one single yellow line, 
which occupies the place of the line D of Fraunhofer 
in the solar spectrum ; this line is characteristic of 
sodium ; it is sometimes called the sodium-line. Kow 
if this spirit-flame be placed between the eye and the 
Drummond light, there appears at once in the contin- 
uous spectrum of the latter the black line D. It is 
this phenomenon which Professor Kirchhoff calls the 
reversal of the spectrum of jlames ; and he has found 
that it occurs with all the metallic substances, besides 
sodium, which he has been able to examine. A spec- 
trum of the third order is, therefore, one produced 
by light emanating from a solid or liquid substance 
in a state of incandescence, but which light has passed 
through a gaseous matter, an atmosphere of absorb- 
ing vapors, before reaching our eye. 

On generalising these curious results of their ex- 
periments, the two philosophers above named came 
to the conclusion that the black lines with which the 
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Solar spectnim is striped point to the reyersal of so 
many iriçAt lines by the presence of a layer of gase- 
ous matter placed before the laminons photosphere 
of the Snn. This photosphere acts towards ns 
as the Drmnmond light in the experiment jnst re- 
ferred to ; a gaseons atmosphere envelopes it, and 
holds in suspension the vapors of various metallic 
substances, playing the part of the spirit-lamp 
flame in which salt (chloride of sodium) is volatil- 
ised. 

Hence the unexpected and exceedingly interesting 
discovery that by studying attentively the 2000 and 
more dark lineB Been m the solar Bpectrum we may be 
able to make a qualitative chemical analysis of the 
Sun's atmosphere, and determine by simple observa- 
tion through a powerful prism of what metals or 
other elementary substances^ the globe of the Sun 
is composed. 

For instance, seventy of the bright lines in the 
spectrum of iron, varying in color, in breadth, and in 
intensity, coincide so perfectly with seventy dark lines 
of the solar spectrum, that it is impossible to doubt 
that iron vapor exists in the Sun's atmosphere. In 



* [Elementary substances or elements are substances which cannot 
be decomposed into two or more other substances, such are sulphur, 
iodine, iron, silver, sodium, &c. ; they are each characterised by one or 
more lines in the spectrum, and by combining together in certain defi- 
nite proportions from all known bodies. The art of discovering the 
presence of one or more elements in a compound or a mixture, by 
means of the prism, is termed spectral amalyns. — ^P.] 







fodxaniy aad krdiia^BB ; it ii 

handy Bodier gold^ sbner. aor jihli— ■ ^ \sm heem de- 
lected ID it: Tt Tff '^tliming^lTlfcrt ftr glwimM nifr 
to wl&idi die old akhjniKis dfdirrted gold flhoold 
ocmtatn none of the Kng of nctak.* 

TheM lesohs jidded bjthe ipeetnl umljsiBof 
Tarions loare» «rf* I^t lead to die eoadHsioQ that 
the iolar spectmm is a spectmm of die dûrd ovder, 
%A, a spectrum prodneed bj a fammioaa aooroe capa- 
ble of jieldtng a cootmoooa s p ec tiiim , befove idddi 
soarce is placed a gaseous absorbing mtmo^bere. 
Hence the following theory of the physical oonstitQ- 
tion of the Son proposed by Prof Kirchhoff : — 

^The visible portion of the Snn, that which is 
limited by the periphery of the disc, the sorfiftce of 

* TliU coDclnsion dedaced from Pro! Eirdilic^*8 results is, how- 
ever, Ukj al>solute : more recent ^>ectral inTestigmtioDS mmde by the 
Ute Prof. Mitscherlich show that the presence of certain snbstances in 
a (lame may prevent the spectnun of other substances being properly 
otiiorved by extinguishing their principal lines. Thus, if a flame con- 
taining chloride of strontium, and producing the peculiar spectrum of 
thif metal, be caused to tolte up also the double chloride of copper and 
ammonium, the blue line which characterises strontium, disappears at 
once. [Moreover, if we admit, with the celebrated astronomer. La* 
place, that all the planets have been formed from the Sun, it is tolera- 
bly evident tliat not only all the elements which constitute our Earth 
' alto in the Sun, but probably many others beddc^P.] 
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which coDstitutes the photosphere, is a solid or liquid 
sphere in a state of incandescence. 

* This nacleas, the temperature of which is very 
high, is surrounded by a very dense atmosphere, 
formed of the elements which constitute the incan- 
descent globe itself, whose extremely high tempera 
ture maintains them in the state of vapor or gas.' 

If this is the case, the spots can only be accidental 
occurrences outside the photosphere, something pro- 
jecting above its surface. How are they explained 
in this new theory! In the following manner: — 

Prof. Kirchhoff admits that from some unknown 
cause certain points of the Sun's surface undergo a 
temporary cooling, which has for effect a condensation 
of cloudy matter, such as we observe in our own at- 
mosphere when watery vapor condenses into clouds 
by cooling. A dense agglomeration of vapors in 
the form of clouds, intercepting the rays which ema- 
nate from the luminous body of the Sun appears to 
us like spots upon its disc. A cloud once formed in 
this manner, acts as a screen towards the higher re- 
gions, hence a cooling effect in these regions also, and 
the formation of another cloudy layer less dense, less 
opaque, which seen from the Earth has the appear- 
ance of the penumbra that surrounds the spots. 

In this hypothesis the apparent deformations 
which a spot undergoes, as it moves from the Sun's 
edge to the centre, or from the centre to the edge, 
are explained as an effect of perapective which is rep- 
resented in Fig. 50. 



SS8 nu BOH. 

Seen io front tbe spot wiH, of coone, appetr to 
occupy the oratre of tbe pwnmbra ; bat as it tsunh 
towanls tbe San'a edge, tbat portion of the upper 
dond BÏtaated nearest the centre of the diec, will be 
projected ayoa the dark nndeoB and be confbandca 
with it, whilst the other portions of the eame doad 
nearest tbe limb will appear wider, the Tisnal rsjr 




passing tbrongb the entire thickness of tbia cloud 
which Soats above. 

Such is the new theory which, as we see, is a com- 
plete contradiction of the forgoing admitted bj 
Wilson, Herechel, and Arago. The former Bnppofled 
the spots to be openings in the photosphere, whilst 
Kirchhoff, renovating the old notion of Galileo, loob 
apon tbem as Q\ouâaE>usç«>uàeâ.\a^W Sun's atmo»- 
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pbere* On the one hand, the polariscope observa- 
tions made by François Arago tend to establish that 
the photosphere is an incandescent gets ; on the 
other, spectral analysis tends to prove that it can only 
be a solid or liquid substance in a state of incan- 
descence. 

This is a contradictory state of things which has 
latterly overturned all our ideas concerning the phy- 
sical constitution of the Sun. Before exhibiting the 
attempts which have been made to conciliate the two 
theories, let us examine some of the objections which 
can be raised against both, let us point out their re- 
spective values and their insufficiency. 

The old theory regards the Sun's nucleus as a 
relatively cold and dark body. How is it possible, 
then, to explain that the calorific radiations of the 
photosphere which extend to such an enormous dis- 
tance into space are without action upon the neigh- 
boring layer of internal atmosphere, and are not 
conducted to the Sun's nucleus itself? It is evident 
that such an intense source of heat which does not 
appear to have diminished in intensity for millions of 
years separated only by a few hundred miles from a 
cold and dark mass of matter, is a notion completely 
at variance with all known physical laws. 

The same theory does not account either for the 
different velocities given for the Sun's rotation, as de- 
duced from the equatorial spots or from those situated 
in higher latitudes ; neither does it explain the un- 
equal distribution of the spots in the two zioue.^» o\v 
each side of the solar equator where tVie^ v^^e'w* 
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\ Bat the new tbeorj, it caimot be denied, is sub- 
ject to objections quite as serious. If it acconnts, like 
i>^he old one, for the eccentricity of the nndens and 
penumbra of a spot near the border of the disc, it is 
in contradiction with positive and numerous observa- 
tions which teach us that the nucleus becomes invis- 
ible before it arrives at the edge of the disc. It 
explains neither tlie facnlœ nor the pores, nor the 
curious granulations known as * willow-leaves ; ' it does 
not tell us why spots are never formed in the polar 
regions and why they are so abundant in the two 
zones at each side of the equator.* 

After weighing all these difficulties a French 
astronomer, M. Faye, has lately taken up the discas- 
sion and proposed a new or modified theory which, 
he thinks, enables us to explain all the phenomena 
observed and is not subject to the objections referred 
to above. 

M. Faye starts from a fact which appears to him in- 
contestably established by direct observation, namely, 
that the spots are cavities in the photosphere of the 
Sun. He opposes to Kirchhofi's theory the objections 
we have briefly indicated, and so far pronounces him- 
self in favor of Wilson's theory. With the partisans 
of the latter he admits that the photosphere is formed 
of gaseous matter, relying upon the polariscope obser- 
vations made by Arago which he deems conclusive 

* [It must be confessed that these appear to be rather weak objec* 
tâoBB to Eirchhoifs theory in comparison to those raised by tbe author 
Mg&iQBt Wilsou's. — Y^ 
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evidence On this point, the light emanating from the 
edge of the Sun* showing no polarisation. But he 
wanders completely from the views entertained by 
William Herschel by considering the entire nucleus 
of the Snn as composed of gas ; the hypothesis of a 
cold nucleus appears to him, as to the German phy- 
sicist, to be a physical impossibility. That touch- 
stone of all theories, the phenomena of the spots with 
their dark nucleus and their penumbra, their peculiar 
apparition, and their movements, all that is accounted 
for in Faye's theory in the following manner. 

The Sun and all the stars which shine in the 
depths of space, and which, according to the ideas 
generally adopted by modem astronomers, are in no 
way distinguishable from our 8an, would have been 
originally formed * by the successive combination of 
vast masses of matter under the influence of attraction, 
which matter was originally dispersed through space 
in all directions. Hence two immediate conse- 
quences ; 1st, the destruction of an enormous amount 
of vis vivay replaced by an enormous development of 
heat ; and 2nd, a movement of rotation more or less 
slow affecting the entire mass.' 

A homogeneous gaseous mass' such as this, whose 
internal temperature is far higher than the degrees at 
which chemical action begins, having a radiating or 
emissive power of very slight extent, for its radiations 
would, of course, be entirely superficial, and a con- 
ducting power quite as slight, would have its equi- 
librium disturbed only very slowly and gcaduAll^. 

16 
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* XTnleBS, indeed, we suppose sometfaing more, we can 
not Bee how this mass coold emit the enonnoa 
amoont of heat that the Snn radiates now for su 
many series of centuries apparently without any loss.' 
To solve this difficulty M. Faye remarks that the 
measure of the intensity of solar radiation proves that 
the temperature of the surface of the solar glohe is 
far firom being so high as the internal temperature 
which his theory supposes the body of the Sun to 
possess. Hence the action of molecular forces, of 
cohesion, affinity, &c., which cannot exist in the in- 
terior, are capable of manifesting themselves at the 
surface. Hence precipitations, clouds of non-gaaeoos 
particles, capable of passing into an incandescent 
state. ^ After a while these particles, influenced by 
gravitation will fall to the lower strata, where they 
will meet with a temperature of dissociation,* whilst 
they wiU be replaced in the superficial layers ot 
ascending currents of gaseous matter, afterwards en- 
gulfed in tbeir turn. The general equilibrium will 
thus be evenly disturbed in a vertical direction, by a 
constant change going on from the inside to the sur- 
face, and as the internal mass is enormous compared 
to this surface, it is easy to conceive that the super- 
ficial emission of heat, fed incessantly by the vast 
central reservoir of caloric, must constitute a state of 

* [Temperature at which chemical action is impossible, or at which 
a body is split up into its component parts. This temperature, like the 
boiling point, or the point of fusion, differs for çach partiçiil|u> cgio- 
pound. — P.l 



PHYSICAL CONSTITUTION OF THK SUN. 243 

things of very long endurance and of great constancy.' 
The existence of the photosphere is thas explained ; 
according to this theory it is a simple effect of cooling. 
It remains for ns to see how it accoants for the spots. 

According to M. Faye the spots are owing to the 
vertical ascending and descending carrents just alluded 
to ; where the former predominate the luminous matter 
of the photosphere will be temporarily dissipated. 
* Through such an opening it is not the " dark," 
" solid," " cold " nucleus of the Sun, which is seen, 
but the internal gaseous matter, whose radiating pow- 
er, even at the highest temperature of incandescence, 
is so slight compared to that of the surrounding lumin- 
ous clouds of non-gaseous matter, that the difference is 
quite sufficient to explain the contrast of tint observed 
when the Sun is viewed through a dark glass.' 

In the next place M. Faye shows that the law de- 
duced from Mr. Camngton's observations, viz. that 
the different zones of the photosphere are subject to a 
retardation in their revolution which is proportional, 
or nearly so, to the squares of the sine of their latitudes, 
is a consequence of the rupture of equilibrium produced 
by the currents.* 

* ' The ascending -masses,* he says, *■ coming up from a great depth 
arrive at the surface with a linear velocity of rotation less than that of the 
surface itself, because the strata whence they start have a smaller radius. 
Hence, a general retardation in the motion of the photosphere, although 
this retardation is compensated for, as regards the total mass, by the de- 
scending currents, so that the fundamental law of the areas is perfectly 
satisfied. If the photosphere is behindhand in respect to the genera] 
rot»tion, the deeper lasers to compensate for \\\\a "«nW^^^ Vv^ ^^sviissi^ ^ 
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Finally, he endeavors to show that the experiment 
of Arago on the non-polarisation of the light emanat- 
ing from the borders of the disc, and those of Kirch- 
hoff on the lines of the spectrum, are, perhaps, not so 
contradictory as some might imagine. Arago spoke 
of a gas, sach as coal-gas, in which the solid incande- 
scent particles produce the brilliancy of the flame,* 
and not of the obscure flame of a simple gas. On the 
other hand, those who have concluded from Klrch- 
hoifs experiments that the photosphere is a liquid sub- 
stance ^ have not reflected that incandescent particles 
difhsed in a gaseous medium which is itself at a very 
high temperature, would give a continuous spectrum, 
except where black lines occurred resulting from ab- 
sorption by the gaseous medium.' 

In 1852, M. Chacornac called attention to the fact 
that sun-spots have a tendency to form groups elon- 

the general moTement. It results from this opposite state of things 
that whilst the photosphere has only a slight tendency to approach the 
axis of rotation by spreading itself superficially towards the poles, a con- 
trary tendency manifests itself in the lower strata which will move 
towards the equator. The phenomena occur as if the starting-points of 
the vertical currents were upon an internal surface more distant from the 
poles than from the equator ; and if the imaginary surface of radiation 
was spheroidal for instance, its depth, and consequently the retardation 
of the successive zones of the photosphere, would vary very nearly as 
the square of the sine of the latitude.' (^ Comptes-Rendus de TAcad. 
des Sciences,' 1865, i.) 

* [This is contrary to Dr. Frankland's experience. This distinguished 
chemist has, indeed, shown lately that the luminosity of flames is not 
owing to solid matter in suspension ; but his experiments were not made 
when Jl. Faye publisb^^ b\a exv-t«.w^vuw^ xjù^oit^.— .p.\ 
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gated in the direction of the movement of rotation ; 
those which have the largest and blackest nucleus, and 
which persist the longest frequently precede a long 
train of spots parallel to the solar equator. When 
the group disappears by being covered over by the 
faculae wliich follow behind, it is the spot which is 
the farthest advanced in the direction of the rotation, 
that disappears the last. This peculiar disposition of 
the faculsB. behind the spots, that is, to the left of them 
has been confirmed by the observations of Messrs. 
Balfour Stewart and Warren De La Eue. Of 1137 
spots which were accompanied by facnlsB they found 
that 584 had these faculœ to the left, 45 only had them 
on the right hand, and the 508 remaining had faculsB 
at both sides in the direction of the rotatory motion. 

M. Faye seizes upon the preceding observations as 
confirmatory of his theory. However that may be 
they prove the existence of an evident connexion be- 
tween the phenomena observed and the rotation of the 
photosphere. If, as the English astronomers assert, 
there can be no doubt that the faculsB are situated 
above the general surface of the pliotosphere, the re- 
tardation of these brilliant portions of the disc is eas- 
ily explained by the combined action of the motion 
which has raised them to this higher level and that of 
rotation. 

Such is, in a few words, the new theory of the 
Sun. It accounts for a certain number of the general 
phenomena without being able to explain the detrtils, 
for instance, the granulations known as* wUlow-feo.^^a»^ 
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or ^rioe-grains;' monoTer^it is subject to Berioua 
objections. 

In the first placCi it is difficult to realise the idea 
of so considerable a mass of gas, preserving its regu- 
lar form, especiaU J when this gas is supposed to be at 
such an excessivdij high temperature. Still, it is 
true that mathematical analysis applied to the solution 
of the figure of celestial bodies whose integrant mole- 
cules are subject to the law of attraction^ and which 
turn with uuiform motion aroxmd an axis, arrives at 
the solution quite independently of the physical state 
of the body, or rather by supposing that it was orig- 
inally fluid, that is, liquid or gaseous. As to the den- 
sity of the Sun, its specific gravity, whicb we have seen 
to be equal to the one-fourth of the mean density of 
the Earth, and consequently surpaRses by more than 
one-third the specific gravity of water, it is not incom- 
patible with the notion of the Sun being a gaseous 
body. Experiments made many years ago by Cagniard 
de Latour prove that the density of a gaseous body 
may become very considerable when this body is sub- 
mitted to great pressure, at a temperature which sur- 
passes considerably the point of liquefaction of the 
substance experimented on. 

A more serious objection is that which Professor 
Kirchhoff makes to M. Faye's theory. 

*M. Faye,' says he, * imagines that the nucleus 
which is surrounded by the photosphere is as hot as- 
hotter even than — the photosphere, and yet dark. He 
îmag'inesthi8nuc\eua\A\>e^iâaeKyQL^^«xLdbavingin view 
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the slight radiating power of gases, he imagines these 
two properties to be compatible with each other in the 
nucleus of the Sun. Now from the connexion which 
exists between the radiating and absorbing power of 
bodies, it results most certainly that, even should the 
light emitted by the nucleus of the sun be invisible to 
our eye, this nucleus, whatever be its nature, must in 
this case be perfectly transparent, so that we should 
see through an opening in that hemisphere of the pho- 
tosphere turned towards us (through the entire mass 
of the solar nucleus), the inner side of the other half of 
the photosphere, and we should experience the same 
luminous sensation as if there were no opening.' — 
(* Comptes-Rendus,' 1867, 1, p. 400.) 

It is difficult to answer this objection ; M. Faye 
thinks, however, that to a medium like the globe of the 
Sun, which is about a million of miles in thickness, 
we can scarcely apply the physical law which estab- 
lishes that the radiating power of a gaseous mass is 
necessarily complementary to its power of transmis- 
sion.* 

* [For oar part we cannot see how distance or dimensions can in 
any way affect the operation of a physical law. The foregoing exposi- 
tion of M. Faye*8 theory of the Sua wiU give our readers some idea of 
the very slight knowledge we possess of its physical constitution, and 
ftlso how easy it is for men of the soundest intellect, and possessed of 
the most profound knowledge of astronomy, to wander towards 
the regions of the absurd, when they quit the path of observation foi 
thai of oi^'eoture. — ^P.] 
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Prominences, Ck>rona and Aureola. — Chemical nature of the Promi* 
nences; Spectral Analysis of their Light; Observation of the 
Eclipse of the loth August, 1868, by Janssen, Rayet, and Tennant 
— Ck>n8equences deduced from these Obserradons. — Ck>ntinuoQ8 
Stratum of Hydrogen enveloping the Photosphere. — Ck>nnexion of 
the Prominences with the Spots and the Faculn. 

Total eclipses of the Sun are dae, as every one is 
aware, to the temporary interposition of the dark disc 
of the new Moon between the Sun and the observer. 
Our satellite in this case acts as an opaque screen, 
which for the space of a few minutes arrests the rays 
of solar light, and prevents them not only from reach- 
ing the surface of the ground, but also all that region 
of the Earth's atmosphere which is plunged into the 
cone of shade caused by the Moon. 

This highly interesting phenomenon supplied for a 
long time only data connected with the greater or less 
degree of obscurity experienced in those regions of the 
Earth over which the lunar shade travelled. However, 
since the commencement of the last century observers 
have remarked that during the short phase of total 
darkness a luminous corona makes its appearance, 
being generally of silver whiteness, but sometimes 
colored, and surrounds most completely the dark limb. 
Beyond this corona, the apparent breadth of which 
varies from one-fifth to one-twelfth of the diameter of 
the Moon, the light decreases gradually, striped some- 
times by diverging Ta5ft,^\i\dci ^^^\»ç>N3ûft^\^^\iomenon 
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somewliat of the aspect of the ar^^^ola or glory which 
painters usually place aroand the heads of saints. 
In the more recent total eclipses also certain laminoos 
jets of various shapes, distribut-H in-egularly around 
the periphery of the lunar disc, have been observed. 
Some examples of these luminous phenomena may be 
seen in the figures 51 to 57. 

At the present day it is genex;;lly admitted that 
the decreasing brilliancy, the rays and the tufts of 
light, must be classed as phenomena of diffraction, 
owing probably to the passage oî *'»e Sun's rays along 
the denticulated edge of the Moon.^ But as regardis 
the narrow and regular corona which surrounds the 
disc during total obscurity, it ha» I^cen asked whether 
it does not indicate the existence of a solar atmosphere. 
As for the old hypothesis which admitted that this 
corona was the atmosphere of the !^oon lighted up by 
the rays of the Sun, it has been proved to be un- 
founded. 

Arago leaned towards the op^'^^ion which considers 
the corona to be owing to an atmu&phere surrounding 
the San, and extending to a great distance. In order 
to verify this supposition, he endeavored to ascertain 
whether or no the light in qucèt:?n was polarised, 
but neither his own observations nor those of other 
astronomers led to any decisive conclusions on this 
point In 1858 M. Liais fomid tn?.* the light of the 

* [That is to an optical effect, 8ucli as we experience when we look 
at the flame of a candle with the eyes ne«r1v closed, so that tlie rayi 
pass through the c ekshes. — P.] 
11* 
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corona is really polarised, and at once concluded thit 
the Sun bas sa 
atmosphere ex- 
tending far be- 
yond tbe photo- 
spliere. 

There ue, 
however, other 
reasons which in- 
duce ustolielieve 
ill the exiâtenoe 
oi' eiich an atmo- 
sphere. In tha 
photographs of 
[he Sun, obtain- 
ed at the Kev 
Observatory, a 
very notable differoTico of intensity is observed lie- 
tween the borders and the centre of the solar diso; 
wo have already referred to this difference, which ù 
easily explained by admitting that the raye emanadog 
from the photosphere travel through an absorbing 
atmosphere ; for from the edp;e3 of the disc the dis- 
tance travelled by the rays of light to reach us ia very 
ranch greater than from the centre. ' It is worthy 
of remark that the temperature of this atmosphere 
must be lower than that of the photosphere, other 
wise the absorption which it occasions would ba 
counter balanced by its own radiation.' (De la fins, 
levart, and Loewy, ^ ^lAë&Kiâ\t& esc ^l«r Phyi 
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Let ua now refer to tlie phenomenon observoa ai 
the year 184-3 in most of the total eclipses of the Sun, 1 
phenomena which are of the Jiigheat importance iii 1 
the investiffation of its physical nature. 

In the ijpures 
51, 52, 53, and 
54, may be seen 
irrefçularljsitn- 
i^ii.cd around the 
dark limb of 
the Moon a cer- 
tain nnmberof 
appendages, 
eomc in form 
like monntains, 
like peaks, or 
p y r a m ids; 
others rising; 
like colnmns 
sometimes ver- 
tical, sometimes bent or inclined, and occasionally de^ 
taehed entirely from the edge of the disc, ami floating 
above it. It is to these luminooa appendages, of a 
reddish or rosy tint, that the appellation oi promi- 
nences (or red protuberances, red clouds, red fiâmes, 
&c.) has been given. Xow what are these singnlar 
appearances! Are they real objects or optical illu- 
sions ? Do they belong to the Moon or to the Sun Î 
All these questions have been asked and responded 
to in Tarions ways, but now-a-days there exists no 
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Pdoubt aa to their being real objects, and it is equally 
' certain tliat they belong tu the Sun, or at least to 
those regions of space wliicli immediately envelope the 
Hun's plioto- 
spbere. We have 
many deeisive 
proofs ol' ihiô. 

On exBinining 
the remarkable 
photographs ob- 
tained in Jnly 
] 860, by Warren 
de la Eue (tig. 
55), it was almost 
possible then to 
pive a decisive 
iinswer. Two of 
these photo- 
graphs repre- 
sent the pheno- 
Jmenon aa seen. afT:er tbe pomme icement of total 
^obscurity, and a little belbro the end of tbe same 
[phase; and it is observed that tho dark disc of the 
Moon which first masked the proruinen-jcpon the side 
I of first contact, allowing those on tbe opposite cide to 
[ be seen; produced a contrary effect by its motion 
acrosfi the solar disc, so that near the end of totality 
[ tbe prominences first seen were masked in their turn, 
whilst those opposite became visible. Theee appew- 
a Would be imposaible if the appendages in qask 
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1 belonged to tte Moon, whilst they are easily e 
tained if we suppose that they cover the aurlace c 
e Sun. 

very satislactory proola that the proiuineuct 
lities and 
not optical illii- 
aions, and that 
tliey belonw to 
the solar globe, 
were fiirnished 
iy the observa- 
ions of the 
.gnilicent total 
iclipae observed 
I India on the 
riSth AuwuBt, 
1868, and spec- 
tral analysis, ap- 
plied in an in- 
j;enioiiâ manner 
by Messra. Jans- 

se« and Lockyer, has aleo contributed to thio result. 
Tlie study of the solar prominences, thanks to these 
difitingiiiehed astronomers, is no longer limited to the 
short duration of a solar eclipse , they may be observed ■ 
at any period of the year, and this fact alone prove 
evidently that they belong entirely to the Sun, am 
that the interposition of the lunar globe has nol' ' 
to do with their production. 

Let UB now notice a few details of the moreT 
ed important i>liservationB. 
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By ft gknoe ftt fig. 66 will be Man t«o gioaps of 
prominenoei, jnfit as th^ Bhowad ^nemmLrm to the 
obaerven of the eolipae, from Aden to ¥ftl>ee>, at 
--the oommenoemeiit of totality (total iAaoiintion). 
^ One of them/ says 3£ Janflaen, ' that on fte-left, baa 
a hdght of at leaat V; it waMjiHea tiieifanie of a 
foige-fixéy riahig yiolently from jtbm intoiiilHi of the 
combnatTble whenoe it ia Ibratf^lgf : the Tk^Mpe of the 
blast The promineDoea cm tiba ,fj|ght (iNpjMli edge), 
appear like a maaa of anow-ovgiBd mwwteina, the 
baaea of whidh xeat o» the *litaih of th» JUboii, and 
lighted np by the Tftyadf ft aetâq^Smi»^. .. . 

When the moTement of theaotor diaelMMl maaked 
from view tiiis fint groap of proiydiieBMi^ajMl joat as 
the totality was about terminating, aomeotiietB dioved 
themselyeB on the opposite edge of the Sui : they are 
those which are represented on fig. 57, and form 
aronnd the solar globe a denticulated and continaons 
series of projections of very curions appearance. ^ In 
the large telescope,^ says M. Stéphan, another observer 
of this eclipse, ^ the prominences were seen very dis- 
tinctly; their color was that of red coral, slightly 
tinted with violet They all appeared to be adherent 
by their bases, and none of them floated, detached 
at a certain distance from the j oon, as waa observed 
in 1851 and I860.' 

Besides the existence of prominences and their 

evident connexion with the solar disc— data which 

had been- established already by observing previous 

edfpses — ^that of «a ^oeedcoi^^ \sc\\LU»nt diaphanous 
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'^îayer or Btratiim was remarted, allowing itself i' 
diately after the second coutact, and again a few 
seconds after tlie third contact. In 1860, shortly 
after the coniinencenieot of total obscurity, and a 
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little before its termination, this same transparent 
layer had been observed, and it must not be con- 
founded with the corona ; wliilst the light of the latter 
I -white, the- layer mentioned \ieTe a^Y&'e.-w^ <&. ^ 



I purple red color to Le Verrier anrl Ismail, who oh- 
[ served the edipse of 1800. It had various Leiglits of 
a, 10, anil 15 seconds I'rora tlie edge of tlie Sun. 
We now arrive at tlie moat important of theob- 




eervations made on the IStii August, 1868, those which 
Lave chiefly occupied the attention of astronomers, 
namely, the investigation, by means of spectral ana- 
Ij'Bis, of the light emitted by the prominence a, caïça- 
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lated to supply data for determining their physical 
nature and their chemical composition. 

All the observers of this eclipse who used the spec- 
troscope, M. Eayet, Lieut. Herschel, Major Tennant, 
and M. Janssen, fonnd that the spectrum given by the 
prominences was formed of a certain nnmher of bright 
lines. Lieut. Berschel noted three such lines, a red 
one, an orange one, and a blue one. Major Tennant 
counted five situated near the ordinary lines of the 
solar spectrum (Fraunhofer's lines), D E F G. M. 
Kayet saw no less than nine, among which he noticed 
that five were much more intense than the others. 
M. Janssen remarked five or six very brilliant lines, 
reJ, yellow, "green, blue, and violet, and he immedi 
ately recognised that the red and the blue lines coin- 
cided with the dark lines C and F of the solar spec 
tram,-^lines which are characteristic of hydrogen gas. 

This had no sooner occurred than M. Janssen 
thought these rays might be visible without an eclipse, 
and sought to observe them the next day. On the 
19th August, in the morning, in fact, he saw them 
again, by directing the spectroscope to the edges of 
the Sun. But Mr. Lockyer, in England, had already, 
some two years before,* intimated the possibility of 
making such an observation, and on the 20th October, 
1867, when he learnt what rays had been given by 
the prominences during the eclipse of the 18th 
August, he succeeded, at London, in seeing , several 
of them. In the meantime M. Janssen and several 

♦ [In an ardcle contributed to *M.acm\\\sji^al^«*%«ŒCùfti— ^r\ 
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others, to whom this new fact was made known, foli 
lowed np these observations, and although there still 
remain certain doabtfol points, the following facts 
may be considered tolerably certain. 

1. The prominences (or protnberances) belong de- 
cidedly to the Snn. Of this, as we have amply 
shown, there cannot exist the slightest doubt. 

2. The prominences are of a gaseous nature ; that 
is, they are composed of an incandescent gas, princi- 
pally hydrogen gas, but they contain, doubtless, other 
substances, perhaps substances that are unknown on 
the surface of our Earth, at least such would appear 
to be proved by the existence of a brilliant line in 
their spectrum, near to the yellow line of sodium, but 
not coinciding with the latter, and moreover, most 
curious to relate, it does not coincide with any dark 
ray of the solar spectrum. 

3. The matter which forms the prominences is of 
very great extent, whether it spreads over the entire 
photosphere or not ; it forms a continuous layer, the 
thickness of which is estimated by Mr. Lockyer at 
some 5000 miles on an average, and the prominences 
appear to be only portions of this layer projected to a 
certain distance from it, sometimes detached from it, 
and floating above it. The great prominence repre- 
sented in fig. 56 measured upwards of 100,000 miles 
in vertical height above the photosphere. 

4. These stupendous accumulations of incandes- 
3ont gas undergo, in very short intervals of time, very 

^eat changes in thevt îoxxu «ùu^ ^\t*^^^kV\^\!l v^dlcates 
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that the layer of gaseous matter of which they form 
part is in a state of constant agitation, the cause of 
which is unknown ;• perhaps it is the same that gives, 
rise to the spots and faculœ.* 

It now remains to clear up certain doubtful points, 
including many questions which both ancient and 
modem observations have raised, but left unanswered. 

For instance, does there exist a physical connexion 
between the spots — the black nuclei and penumbra — 
and the prominences, as the recent observations of 
Professor Secchi would tend to prove ? Before the 



* [Quite recently Mr. William Haggius has sacceeded in seeing a 
Bolar prominence so as to distinguish its form. A spectroscope was 
used ; a narrow slit was inserted after the train of prisms contained in 
the instrument, and before the object-glass of the little telescope. This 
slit limited the light entering the telescope to that of the rcfrangibility 
of the part of the spectrum immediately about the bright line coincident 
with 0. The slit of the spectroscope was then widened sufficiently to 
admit the form of the prominence to be seen, but the spectrum then 
became so impure that the prominence could not be distinguished. The 
idea then occurred to the author of this observation to absorb a great 
part of the light of the refrangibilities removed far from that of G by 
means of a piece of deep-colored ruby glass, when the prominences be- 
came distinctly visible. In the * Scientific Review,' for 1st June, 1869, 
it is stated that M^ L. Hugo has invented an instrument called a pyrhe' 
lioscope, which permits an observer to see the whole of the solar promi- 
nences at once. * It is a kind of spectroscope endowed with an angular 
rotatory motion ; the angle of the cone described is equal to the appa- 
rent diameter of the Sun. The rotation is rapid enough to permit the 
persistence of the successive visual impressions on the retina, so tlvat 
the succession of spectroscopic images forms a circular halo round the 
disc of the Sun, which appears dark as in a total eclipse, and surrounded 
by the prominences in their true posiUona.' — P.'\ 



last ti>tal edipse of tiie San tLis was denied ; it was 
remariced tdimt the prominences were seen in every 
degree of latitude, wliilst the «pots do not extend 
beyond a certain limited zone. However, it was do- 
tieed dnrin^r th? eclipse of the ISth Angost, 1868, that 
âu:nhe existed on the borders of the Son's disc close to 
two groups of prominences. Again, on the 24th and 
37th Febmary, 1S69, Padre Secchi saw two magnifi- 
cent prominences shining at a point where two very 
brilliant &eizla& existed near the edge of the disc 
Are not these brilliant spots, called &cnlœ, produced 
by the accomalation of the rose-colored matter pushed 
away by the eruption which gives birth to the spots Î 
^S'ow, b the incandescent atmospiiere, difiFdsed 
with varions thickness all over the photosphere, the 
onlv one which exists aronnd the Snn? Do the 
prominences rise into a vacuum or into an atmosphere 
wliieh is pert"ectly transparent? It yet remains for 
us to asciertain what medium causes the reversal of 
the bright lines by the absorption of a certain number 
of the rays of light emitted by the photosphere. Is 
it the continuous rose-colored stratum, much less thick 
than those parts of it which are uplifted in the form 
of prominences or clouds, but probably much more 
dense ? The intensity of the light of the photosphere, 
the spectrum of which is considered to be continuous, 
(îan only be caused, according to the reigning ideas in 
science, by solid or liquid matter in an incandescent 
state. Hence the hypothesis of a solid or liquid 
nucleus, as proposed by Herr Kirchhoff, or of a gase- 



Ttlfi 80LÀ1& PEOMTK^KClCS. 263 

oub nncleas snrronnded by clonds of solid or liquid 
particles or of dust, as supposed by M. Faye. Now, 
the recent experiments of an English chemist, Dr. 
Frankland, lead us to believe that a continuous spec- 
trum may be given by a mass of gaseous matter in a 
state of incandescence, if submitted to great pressure 
and at a very high temperature. Its light would bo 
so much the more intense the greater the pressure 
and the higher the temperature. Now, at the Sun's 
surface gravitation is so intense that the pressure ex- 
erted by an atmospheric stratum some thousands of 
miles thick must necessarily produce an enormous 
effect.* 

All these questions suggest themselves since the 
recent and highly important discoveries, the results of 
which we have condensed into a very small space, were 
made ; and it is very probable that the investigation 
of the physical and chemical constitution of the Sun 
will soon make rapid progress. But wc must draw no 
hasty conclusions ; f with our new methods of obser- 



• [Dr. Frank1and*s experiments, to which wo have already referred 
in a previous note, have been published in the *■ Philosophical Maga- 
zine,' vol. xxxvi. p. 309. — ^P.] 

f For this reason we only mention cursorily an hypothesis on the 
constitution of the Sun, made known lately by Mr. W. Oilman, of New 
York, according to whom the nucleus is an incandescent solid or liquid, 
surrounded by the photosphere, and around this again by an atmo- 
sphere which is only visible during, an eclipse, when it forms the corona. 
The spots would be due to masses of scoriae which collect at the surface 
of the nucleus and determine a very intense electrical action. Hence 
holes or perforations in the photosphere, caused by the deflagration of 
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yation new &ct8 arc being rapidly acctimulated. AVe 
mnst wait until they are more numcrons and concilia- 
tory before we can discuss tlie consequences. At 
the moment at wliicb we write the different theories 
which we have examined ai*e being warmly discussed 
and submitted to a strict revision, which will, per- 
haps, allow only certain fragments of them to sub- 
sist hereafter. 

gaseous masses and production of spots, whose centres appear black by 
contrast This hypothesis, of which we can only give here a genera] 
idea, lies halfway between that of Wilson and that of Elrdiho£ 
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CHAPTER Vn. 
Màintenancb of Solab Kadiatiojn. 



§ 1. Or Heat at the Surface of the Sun and in its 

Interior Mass. 

Temperature of the varions Regions of the Solar Globe. — Calorific Ra- 
diation from the Centre and Borders of the Photosphere, from the 
Faculœ and the Spots. 

The force of the heat radiation of the Sun has 
been approximately measured, as we have already 
seen. But the data thus obtained give us no notion 
of a very important subject, namely, the intrinsic 
temperature which reigns at the surface of the im- 
mense sphere or in the depths of its substance. If 
this probleui could be solved, it would teach us 
whether there is any analogy between this immensely 
powerftd source of heat and those sources with which 
we are acquainted on the surface of the Earth, 
oriffinatinoc in electrical and chemical action. 

Unfortunately, we are reduced to conjecture on 
this head, because certain elements of the question 
are still wanting. We should know the emissive 
12 
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po^^er of the Sun, and all we can do in the absence 
of this knowledge is to suppose it comprised within 
certain limits. That was the conrse taken by M. 
Ponillet, who arrived at the following conclusion : — 
Supposing the emissive (radiating) power of the Sun 
to be expressed by unity (=1), its temperature is at 
least 1461° centigrade, which is about that at which 
iron melts ; it would be 1761 ° C, if we suppose the 
radiating power of the Sun to be analogous to that of 
polished metals. 

In M. Faye's hypothesis, which considers the en- 
tire mass of the Sun to be gaseous, the temperature 
of the internal strata is supposed to surpass very con- 
siderably that at which chemical action can manifest 
itself. But, in his opinion, whatever this tempera- 
ture may be, the emissive power of the mass must be 
very weak, and its radiations entirely superficial, as 
each strata would possess a special power of absoi^p- 
tion towards the rays emitted by the deeper strata. 
' In fact,' says he, ' the temperature at the surface of 
the Sun is far below its internal temperature. M. 
Pouillet's measurement of the actual intensity of 
solar radiation has enabled Sir William Thomson to 
conclude that the heat emitted is only from 15 to 45 
times higher than that which is developed in the fire- 
places of our locomotives.' 

The spectroscopic observations made during the 
total eclipse of the 18th August, 1868, and since 
then, have shown that there exists above the photo- 
sphere an immense stratum of hydrogen gas in an in- 
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candescent state, estimated by Mr. Loekyer to extend 
to a height of 5000 miles ; above this stratum rise 
from time to time gaseous columns of like nature, 
which form the red prominences. If we apply to the 
combustion of these masses the data furnished by the 
combustion of hydrogen gas in the laboratory, we 
must conclude that tlie heat of the Smi — at least that 
of its external surface — cannot be less than 2500° C. 

According to the observations of Padre Secchi, it 
would appear that the various regions of the Sun's 
surface have not all the same degree of temperature. 
Besides the differences noted between the borders 
and the centre, which is solely attributable to atmo- 
spheric absorption, there is another existing between 
the polar and the equatorial regions, the latter are 
said to be hotter tha.n the others; moreover, the 
northern and southern hemispheres of the Sun would 
also appear to differ slightly in temperature. Her- 
Bchel formerly supposed that one hemisphere radiated 
more light and heat than the other ; but he meant 
the two hemispheres which are successively presented 
to the Earth diiring the Sun's rotation, not those 
separated by the Sun's equator. 

The director of the lioman Observatory has also 
compared the temperature of the spots with that of 
the more luminous parts of the photosphere, and with 
the faculœ; he finds that the spots are the coolest 
portions of the surface, but that there is no appre- 
ciable difference between the temperature of the 
faculsd and of the photosphere in general. M. Cha- 
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comme has also noted that the spots have a lower 
temperature than the other portions of the disc ; but 
he states that' the facnlse which follow a spot are at a 
higher temperature than the rest of the photosphere. 
Let ns not forget that, in all this we do not speak 
of the actual temperature, properly so called, of the 
various regions compared together, but of their rela- 
tive powers of transmitting heat to us. To ascertain 
their actual temperature we must first know the 
radiating power of the various regions of the photo- 
sphere, of the spots, and faculae, which we do not 
It is, therefore, quite possible, as M. Faye's theory 
requires, that the inside, or nucleus, of a spot is really 
much hotter than the luminous portions of the photo- 
sphere : it would suffice, for this, that this inside was 
composed of a gaseous incandescent mass of little or 
no radiating capacity. 



§ 2. Is THE SCN GETTING COLDER? If NOT, HoW IS THE 
CONSTANCY OF ITS RaDIATION TO BK EXPLAINED ? 

Solar Radiation cannot result from ordinary Combustion. — Various con- 
jectures on this subject; Heat developed by Rotation; by Falling 
of Meteors. — Helmholtz'sTheory; origin of Solar Light and Heat — 
Transformation of Gravitation by gradual Condensation of the sub- 
stance of the Primitive Nebula. 

If the mind is bewildered in calculating the myr- 
iads of myriads of centuries which must have elapsed 
since the solar nebula was condensed into an incan- 
descent mass, and since the fonnation of our Earth to 
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the present time ; if the few hundred thousand years 
which probably measure the existence of the human 
species upon the globe are only as a second of time 
in the life of the Sun, where shall we find an argu- 
ment which may assure our posterity that the Sun — 
1 the common father of our planetary world — is subject 
: to the law that govenis all things which exist — that 
as it was bom, developed, lived, and still lives, a 
time will come when all its powers having been 
gradually dissipated into space, it will pass from the 
state of a radiating star into that of a dark globe, 
and thus end its existence? Will it ever be possible 
for mankind, by the aid of some peculiar phenome- 
non, some hitherto unknown or unheeded manifesta- 
tion, to measure a single phasis of this existence, a 
single minute of this life? 

The Sim appears to us, it is true, as a primitive 
radiating source, finding in itself the energy of its 
own light and heat. But the time has fled since it 
was cx)nsidered to be a picre fire^ inexhaustible and 
imperishable, the time when belief in the incor- 
ruptibility of the heavens — cosla incorrupta — was 
cherished. At the present day we know that radia- 
tion of heat and light represents a real loss as regards 
the body whence this radiation emanates, and that if 
nothing supplies the place of this loss, if nothing 
maintains the combustion or the incandescence, a 
moment must come when such a source will be com- 
pletely extinguished. 

In the firs't place can we, arguing from the data 
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-possess OQ solar ndiation, assert how mnch its 
tempcrmcme k lowered in a year, in a oentory, in aDj 
ehnen period! Ponillet ecMisidered this problem; 
and at the same time he showed that we cannot solve 
it. In order to do so, we mnst be acquainted with 
two elements of the Son's physical constitatioii, 
aamely^the ccmdncting power of the snbstance of 
which its globe is f(»Tned, and its speciiic heat. Od 
the supposition of a perfect condnctibflity, and ad- 
mitting that the specific heat of the Snn is 133 times 
greater than that of water, Ponillet was led to the 
conelosion that the température of the Sim would 
sink 1-lOOth of a d^ree (centigrade) per annnm, or 
1** C. in a century. In 10,000 years it would have 
cooled, then, to the extent of 100^. 

Xow, has the Sun cooled at all since the earliest 
historical periods ? Nothing, as far as we know, per- 
mits us to reply afBrmatively to this question when 
we look back throuorh the records of the few thousand 
years embraced by history. It may be that, some 
day, the past liistory of onr planet will throw some 
light upon this problem ; but it mnst not be forgotten 
that a demonstrated change of climate or of the mean 
temperature of the Earth, may find its explanation 
in certain terrestrial phenomena as well as in a vari- 
ation of the intensity of solar radiation : the problem 
will always be a very complicated one to solve. 

We are authorised to state, however, that for some 

thousand years past no appreciable diminution has 

occurred in solar Taà\a\\o\i\\\^Ti^^^^^Tîcû&\,Q.Q\!LQUide 
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either that the cooling process is much slower than ri: 
Pouillet's supposition, or, that the Sun's heat is con- 
stantly maintained by some means with which we are 
totally unacquainted. We have just seen that if the 
loss of heat is not supplied the Sun would cool 100° 
•C. in a century ; and this is supposing it to possess 
an enormous specific heat: if the latter were no 
greater than that of water, it would not be 100° but 
14,000° that the Sun would cool in a century : which 
is as much as to say that in this short space of time 
it would be entirely extinguished. 

According to Professor Tyndall, no kind of com- 
Dustion, no chemical affinity, with which we are ac- 
quainted could maintain solar radiation. The chem- 
ical agency of the substances of which we have any 
knowledge is too weak, and they would be too soon 
dissipated into space. If the Sun was a; mass of coal 
and was supplied with enough oxygen gas to make it 
bum with its actual degree of intensity, it would be 
entirely consumed in about 5000 years. 

The question remains then as it was, and we are 
naturally led to inquire how the constancy of solar 
light and heat is maintained, or what keeps up this 
prodigious intensity ; for the mass of the Sun, how- 
ever enormous, does not suffice to explain its perma- 
nent state of incandescence during a long series of cen- 
turies, if we consider it as a combustible body feeding 
upon itself. 

Several hypotheses have been proposed and dis- 
cussed on this head ; we will take «i. toçiÔl ^^w^:,^ 'î^» 
tbem. 
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It ha» been said that the Sun turning npon iti 
axis in 25 da^ its sorfiuse mnst mb against the 
mediam in which it tnms. Henoe its light and its 
heat, developed by transfonnation of this frictioB. 
Bnt what can this matter be which presses thns like 
a railway-break against the periphery of the solar , 
globe I Is it that which physicists call 'Ether?' 
Sach a snppositiou is evidently inadmissible ; for its 
action wonld be felt by the varions planets with much 
greater intensity, since their rotation, and especially 
tiieir translatory motion in the orbit is much more 
rapid. Moreover it has been calculated that if the 
entire force of the Sun^s rotation were converted into 
heat, it would only supply the actual amount of radia- 
tion for about a coaple of centaries. This hypothesis 
may, tlicrefore, be dismissed at once, as iiisufiicient in 
itfielf, and, moreover, as being in contradiction with 
observation ; for, during the last two centuries no 
diminution in the velocity of the Sun's rotation has 
been observed. 

A second conjecture, or opinion, defended vigor 
oiisly by Mayer, Waterston, and WiUiam Thomson, 
endeavors to explain the constancy of tlie Sun's 
liglit and heat by the fall of meteors or aerolites upon 
its surface.* 

•See Mayer, 'Dynamik des Himmels;' Waterston, * Report of 

Iliir.. Arroc. 1853 ; * W. Thomson, * Transactions of the Royal Society 

of Edinburgh, 1854;' also T. L. Phipson, * Mctoors, Aerolites, and 

Falling Stars,' pp. 178 and 212. London, 1867, where this opinion ii 

objected to. 
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Around the Sun a multitude of bodies gravitate. 
Some, like the planets actually known to us, describe 
orbits whose longer axes are nearly invariable, and 
have been so, since the eariiest historié periods. We 
know, even, that the theory explaining the perturba- 
tions which they exert one upon the other, assures us 
this invariability must be maintained for a long series 
of centuries ; and this proves to us that the medium 
in which they move can ofier scarcely any resistance 
to their motion. Besides the planets, the number of 
which is now 116, there exist a multitude of comets, 
probably millions, that describe very much more 
elongated orbits, and whose masses, comparatively 
small, render them liable to experience considerable 
resistance. The comet of Encke, for instance, ap- 
proaches visibly to the Sun as the length of its period 
diminishes, and if this acceleration continues, the day 
will come when, after describing a spiral course round 
the central orb, the comet will precipitate itself on to 
the surface. Other smaller bodies circulate in much 
greater numbers round the solar globe. We allude 
to those called meteora or falling stars, which, at cer- 
tain periods of the year, appear in swarms, and 
grazing the atmosphere of the Earth with planetary 
velocity, take fire, and sometimes fall to the surface 
of our globe. These swarms, the streams of which 
have been recently assimilated to, or perhaps identi- 
fied with, cometary masses,* appear, some of them, 

* The ingenious theory of the Italian astronomer, Signor Schiapa- 
relli, Director of the Observatory of Milan, exp\ùiv& ^^ ^«çv^ô^sàN.-^ ^ 
1$ 



to describs parabolic curves, which indicate that ther 
visit tlie regions of our Sim for the iirdt time, wliilal 
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) hera move in more or less elongated ellipses. Grad 

:<hooling st&ra by the passée of the Earth through, long etrearos 0! 
Bmitl bodies irhich solar attraction causes to describe pamboUc erbjll 
analogous Co cometaty orbits. The comets themiiËWes, in his DpiniM 
are nebiilosit.iei of the aame kind ; some of which end bv circulatini 
periodicSilly amiiTid the Sun, and remain attached (o our solar world 
We shall say a few words on this new and important theory fiitthar oo 
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nallj these masses, individaally very small, undergo 
the same resistance that accelerates the comet of 
Encke, approach the Sun, and by their vast numbers 
increase the density and resistance of the medium in 
which they move. Such would be the cause of that 
peculiar luminosity known as the zodiacal lights the 
plane qf which coincides nearly with that of the 
ecliptic or the solar equator, and which spreads itself 
in the form of a lenticular zone to a distance from the 
Sun equal at least to the mean distance of the Earth. 

All these meteors, or rather, these streams of me- 
teoric matter, circulate round the focus whose light 
they reflect ; but at the same time, by their collisions, 
and by the resistance they oppose to each other's 
movements, their translatory velocity is accelerated, 
so that we may conceive a constant stream of them 
rushing incessantly to the Sun, a constant shower of 
meteors, in fact, upon its surface. 

Supposing such a thing to occur in reality, does it 
account for the constancy of the solar light and heat ? 
On the one hand, it supposes an increase of substance, 
an increase of combustible matter ; and on the other 
(and this was considered the strong point of the 
theory), the fall of each meteor occasions at the Sun's 
surface, by the simple transformation of its accelerated 
velocity into heat, a degree of temperature very con- 
siderably greater than that due to the combustion of 
its substance. 

Dr. Tyndall says it is easy to calculate the maxi- 
mum and minimum velocity communicated by the 
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Squ's attraction to an asteroid circulating round it 
the maximum occurs when the asteroid approaches 
the 8nn in a straight line, coming from an infinite 
distance, for then the;^ entire force of attraction acts 
upon it without any loss ; the minimum is the velocil^ 
which would be merely capable of causing to revolve 
round the Sun a body in close proximity to its sur- 
face. The final velocity of the first body would be 
392 miles per second, that of the second 271 miles. 
The asteroid striking the Sun with the first of these 
velocities would develope more than 9000 times the 
heat produced by the combustion of an equal mass of 
coal.* 

It is, therefore, completely unnecessary to imagine 
that the substances supposed to fall on the Sun must 
be combustible ; this property would add nothing, or 
scarcely anything, to the enormous temperature devel- 
oped by their collision — ^by the mechanical shock 
alone. 

* According to Sir W. Thomson, the following table expresses the 
heat that would be developed at the Sun's surface by the fall thereon of 
the eight principal planets, supposing them to fall in a straight line; 
the quantity of heat is expressed liere by the period during which ihey 

would maintain the present degree of solar radiation : — 

Years. Days. Teare^ 

Mercury 6 214 Jupiter 82,240 

Venus 83 227 Saturn 9,660 

The Earth 94 803 Ui-anus. ... . . 1,610 

Mars 12 262 Neptune 1,890 

So that all these planets together, in falling upon the Sun in a 
s'.i'Hight line, would only maintain its heat for a period of 46,688 yeara^ 
a mere nothing 1 
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We have then here a mode of heat-productioD 
which would suffice to restore to the Sun that which 
it loses by radiation, and to maintain at its surface a 
temperature which would surpass that of any earthly 
combination. The properties of the solar rays and 
their power of penetration into bodies authorise us to 
look upon the temperature of the source as something 
enormous ; and in the falls of meteors, says Tyndall, 
we have the means of producing this excessive temper- 
ature. It may be objected, that such showers of solid 
matter must increase the volume of the Sun ; and 
this is true, but the quantity of matter necessary to pro- 
duce the actual radiation, even if it should have 
accumulated for the last four thousand years, would 
escape observation aided by our most powerful in- 
struments. If the Earth fell into the Sun, the increase 
of volume would still be inappreciable ; nevertheless, 
the heat produced by the shock would supply that 
radiated by the Sun in a century. The fall of the 
Moon on to the Sun's surface would supply the Sun's 
loss of heat for one or two years, and its volume is 
only the l-64:,000,000th of that of the Sun.* 

Such is the hypothesis known as the meteoric 

* Moreover, if the Sun, by constantly attracting meteors to its sur> 
face, increased in volume and mass, still its incessant radiation, as con- 
stantly lowering its temperature, would occasion a contraction of vol- 
ume, BO that whilst they supplied the loss of light and heat, the meteoric 
bodies would compensate for its contracted volume. Its mass and its 
density alone would increase continuously. [In my work on * Meteors/ 
ftc, p. 212, 1 have alluded to the fact that such an augmentation of 
mass would necessitate an acceleratloii m p\BLtk«\as^ t«;^^mnà<(^\^'-''^'\ 
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Aftmy nfmàmt imti. m Tary mgenioiiB theory, and one 
whkb is phyricftllT verf tmthfiil in appearaDce, as it 
is based upon m ftct and a principle which are at the 
preaeot day adaiowledged in science, namely, the 
transfivmatioii of mechanical motion into heat 
XerertheleGB, one oi the three anthers of this theory, 
Sir W. Thomson, has abandoned it, as being ineom- 
parible with a well-ascertained fiKst — ^the impossibility 
of the existence ot « resisting medium in the imme- 
diate neighborhood of the Snn. In fact, several 
cranets, those of 1680 and 1843, for instance, have 
pa^ed so near to Sue Snn's sorfaoe when at their 
perihelion, that they would have experienced very 
considerable perturbations in their motion if any 
dense mediam* sucL as that supposed by the meteoric 
tlieorv, existed in realitv. But such a medium is not 
essential to the theory, since the same cause which 
accelerates the mv/tljn of Encke's comet — and this 
acceleration, as well as that of Faye's comet, is a 
well-observed phenomenon — is capable, in the long 
run, of precipitatiii^ meteoric streams on to the Snn^s 
surface. 

However that may be, if the meteoric theory of 
the constancy of bxA:s light and heat were admitted 
to be true, two consequences might be deduced from 
it which, perhaps, deserve to be mentioned. 

The iirst is su^g^csted to us by Professor Schiapa- 

relli's theory of the periodicity of meteor-streams. In 

biB opinion the origin of this periodicity is without the 

soJar system, like '^:j2X oî «^ efet^alwi Tiwxcîçifât o^^ ^^/^vcLots : 
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they are nebnlous masses which the attractive force 
of the Sun draws into its sphere of activity, and which 
come from the depths of intersteUar space^ describing 
a parabolic curve around the focus of our world, and 
after having passed in Jong streams for many succes- 
sive years, returning into distant space wheuce they 
came. Some of them thus escape, perhaps, from the 
Sun's attraction ; others are deviated from their prim- 
itive orbit by the action of the planets they approach, 
which transforms their parabolic course into an el- 
liptic one, and thus enriches the solar system. If 
this be the case, and if we remember that the Sun 
itself travels in an immense orbit, the focus of which 
is unknown, the vast incandescent solar globe may be 
represented as ravaging space to contribute to its own 
powerful substancel, ike the great fish that traverse 
and depopulate the waters of th*" ocean. Hence the 
Sun would not be reduced to feed upon the compar- 
atively small amount of meteoric matter that exists at 
any given moment in its immtjulàte neighborhood, 
and it is easy to conceive that a& fast as it devours 
these legions of meteors other provisions of them are 
made tor the future, and so on ad injmitum. 

Another remark that might oe discussed is this : — 
Would not the fall of meteoric streams on to the 
surface of the Sun account for the phenomena of sun* 
spots Î Up to the present tinie, «»b far as we know, 
these spots have been explained by appealing to the 
innermost strata of the central orb ; at least the only 
external origin that has been ^i.oipo^^d \.vi ^^\^ixi 
ibem is the inûnence of the plane\a. 
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We have exposed the various hypothèses brouglit 
forward on this subject ; here we must add one mojre: 
— Suppose a mass of meteors precipitated on to the 
solar globe with the considerable velocity which ani- 
mates each of these corpuscles, is it not probable that 
it would produce a hole in the luminous photosphere, 
which excavation would be in proportion to the breadth 
of the stream? If the shower only lasted a short 
time the spot would be of short duration, bnt if the 
stream were a very long one, the excavation or spot 
would last much longer. The configuration of the 
spots, the nuclei and other phenomena, would be ex- 
plained in this hypothesis, as well as in any of those 
which admit that the spots are excavations in the 
photosphere. Moreover, the limited zones in which 
Bun-spots appear would be connected with the inclin- 
ations of the original orbits described by these swarms 
of meteors before their precipitation on to the surface 
of the Sun.* 

To conclude what we have to say of the constancy 
of solar radiation, it remains for us to examine a 
theory which explains its maintenance by the trans- 

* [As the trunslator of this little work has not long since published a 
volume on the phenomena presented by meteors, aerolites, and falling 
stars, he may, perhaps, be allowed to state here his opinion, that this 
meteoric theory of solar light and heat, and the consequences deduced 
therefrom, are not likely to remain long in science. Already its most 
sirdent promoter, Sir William Thomson, has abandoned it, and though 
the theory of Professor Schiaparelli, which points out certain periodic 
analogies between comets and shooting-stars, is highly ingenious, it is 
yet little more than a maUet ol ^xxt^ s^^ç^j^a^Àa\l.-— ^ I\ 
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formation into heat of gravitation — the force which 
formerly condensed into a single nucleus the mole- 
cules of the original nebula. At first these molecules 
were relatively at considerable distances from each 
other (but endowed with gravity like all matter), and 
formed a confused or chaotic mass. Under the influ- 
ence of gravitation they have been gradually con- 
densed into a nucleus, which has become the centre 
of attraction for the whole mass. The molecules of 
the nebulosity precipitating themselves one upon 
another, according to Professor Balfour Stewart, pro- 
duced heat, ' jost as a stone produces heat when it is 
thrown violently from the top of a precipice, when 
heat is the final form taken by its potential energy.' 
This theory, so far, does not differ essentially from 
the former. It is still the transformation of mechan- 
ical force into heat which is put Ibrward to explain 
the heat of the Sun ; only it does not assume a fall 
of extraneous bodies to explain solar radiation, it 
appeals to the molecules which originally formed the 
radiating body itself. This attraction and precipita- 
tion of molecules one upon the other may be consid- 
ered from another point of view — that of the conden- 
sation of the mass of the Sun. Now we know that 
condensation is always accompanied by a production 
of heat. It has been calculated that a diminution of 
1-lOOOth of the Sun's diametei* would produce heat 
enough to suffice for its entire radiation dmnng 21,000 
years. 

Professor Helmholtz who \x\«Açi \}cî\s» ^'ai^'ii^iSaio^^ 
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author of tlie theory we now diaciifis, has, moreover, 
estimated that * the mechanical force equivalent to the 
mntnal gravitation of the molecules of the nebula 
would have been originally equal to 464 times the 
quantity of mechanical force actually at disposal in 
our system. 453-454ths of the force caused by the 
tendency to graWtate will, therefore, have been already 
expended in heat.' But if that which remains were 
entirely converted into heat, it would be sufficient to 
raise to 28 millions of d^prees centigrade the tem- 
perature of a mass of water equal to the united maases 
of the Sun and the planets ; this quantity of heat is 
3500 times greater than that which would be fiini* 
idhed by the combustion of the entire solar system, 
supposing it to be composed of the best fTewcastle 
coal. 

We need have no anxiety then, on this point, nor 
the generations which will follow ours for many thou- 
sands of centuries to come. Our provision of light 
and heat is assured for a future, the long duration of 
which we are quite unable to estimate. Humanity, 
as compared with the age of the Earth, is j'et in its 
most tender infancy. ' The period of time during 
which the Earth has nourished organised beings,' 
says Professor Helmholtz, ' is still very short when 
compared to the period during which it was a mass 
of molten rock. Bischofs experiments on basalt 
appear to prove, that to cool down from 1000° to 200* 
centigrade our Earth must have taken 350 million 
years. As for the length of time that has been re 
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quired by the original nebula to condense itself into 
the form of our planetary system, it entirely defies 
our imagination and all conjectures.' Whatever^ 
then, may be the extent of the fraction of this time 
which our world will enjoy, one thing is certain, 
namely, that it must be counted by millions of years. 
The end of the world by the cooling and extinction 
of the Sun is far enough firom us I 
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Wbat would become of the Earth and Planets if the Sun were periodi- 
cally extinguished? Yariable Stars; new Stars ; temporary Stars ; 
Stars which have disappeared. — Combustion of Hydrogen at the 
surface of the new Star in the Kortbern Grown. — Hypothesis of an 
increased Radiation from the Sun ; of the complete Envelopmenl 
of the Solar Sphere by Spots. — ^Byron's Poem * Darkness.* 

m 

The stars, as we said above, are suns, more or less 
Bimilar to our Sun in the chemical composition of 
their photospheres, and having, at least, one import- 
ant property in common with our Sun, namely, that 
of shining by light of their own, not by light which is 
borrowed from some other source, not by reflected 
light like that of tlie planets. 

Now, among the infinite number of stars dispersed 
on the celestial vault, there exist some whose brilliancy 
iE subject to variation, being sometimes fainter than 
before, and at others notably increased. Some of 
these show no periodicity in this variation of their 
luminous intensity, or, at least, such has never yet 
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been cfitablislicd by observation ; others are remark- 
able for their sudden aj>pearance, they soon shine 
with the brilliancy of stars of the first magnitude, 
thon decrease gradually in brightness, and disappear 
for i*enturios together, without leaving the least trace 
of their presence. In certain portions of the heavens 
Atars, which Ivefore were invisible, have appeared and 
roniainoil visible since ; whilst others, formerly via- 
ibli\ have disappeared altogether. Astronomers have 
given to the stars which present these curious phe- 
nomena, the following appellations : — Yariable stare; 
|>criiHiioally variable stars; new stars; temporary 
stars ; stars which have disappeared. Many an hy- 
jH^thcsis has l>een imagined to explain the cause of 
those variations. It has been conjectured that the 
srtid stars havo a rota torv motion, and present tons 
uuiHiuallv briixht hemispheres, or that they are more 
or loss tlat toned, so that we see them alternately wide • 
and narrvuv : î>onu^ have supposed that they are sub- 
jivt to suddon oontlagrations, or to complete extinc- 
tion of thoir light ; lastly, their variability has been 
attributod to tvlipsos, or to the interposition of some 
dark bodies botwoon them and our solar system. 

All those ooniootures mav have some truth in 
thorn : thoY are, nevertheless, conjectures, and nothing 
more. But recent observation speaks in favor of one 
i>f them. About two years ago there appeared in the 
constellation of the 2sorthern Crown a star, which 
was first thought to be new, but was afterwards re- 
cognised as one of tl.e 9th magnitude indicated on 
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the Catalogue. It appeared for a certain period with 
an nnuBual degree of brightness, bo ranch so, that it 
became visible to the naked eye, and shone equal to 
a star of the 2nd magnitude, the Pearl, in the same 
constellation. 

2fow, this ' new ' star had its light examined by 
spectral analysis, and Mr. William Huggins put for- 
ward» as a very probable opinion, that it had been 
suddenly enveloped by flames of burning hydrogen. 
Some enormous convulsion, the cause of which cannot 
be conjectured, may have evolved an enormous quan- 
tity of gas ; ' a great portion of this gas was hydrogen, 
which burnt at the surface of the star by combining 
with some other element, and this terrible deflagration 
heated the solid matter of the photosphere and ren- 
dered its incandescence more intense. When the hy- 
drogen was all burnt, the flame gradually ceased, the 
photosphere became less luminous, and the star re- 
turned to its former state.' 

This fact [if we must admit it] throws much light 
on the variability of a certain number of stars, espe- 
cially those called temporary stars, like that known 
as the Pilgrim, which, in 1572, slione suddenly with 
great brilliancy, then became extinguished and disap- 
peared. 

The question which concerns us is, whether our 
Son is likely, some day, to undergo such a variation 
of intensity — can it become the seat of such terrible 
phenomena? 

The most recent observations show us that masses 
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of hydrogen gas, in combustioD, rise firom the photo 
sphere, and constitute the red prominences. If such 
is really the case, two opposite effects can naturally 
ensae. The cause which produces the gaseous evola- 
tion may gradually diminish in energy, so as to lessen 
either the light or the heat radiation ; or this cause 
may augment and increase the power of the immense 
central lire. 

What would be the consequences of such changes! 
If they were sudden, no doubt they would be ex- 
tremely terrible ; for a very slight increase of solar 
heat would raise the mean temperature of the whole 
Earth, of every climate, and would modify most 
essentially the conditions of existence for the organ- 
ised beings which live upon the surface. Suppose, 
for instance, that tropical heat extended to the tem- 
perate zones, the culture of wheat would be an im- 
possibility, and the principal aliment of civilised 
nations would be at once cut off. A few more de- 
grees of heat, and many species of animals, even man 
himself, could no longer exist on the surface of the 
globe. 

A change in the other direction would be no less 
dangerous, for then the temperature of the polar 
regions would spread over the temperate zones, for- 
cing animals and plants, which now occupy vast 
re<z:ions, to confine themselves to the narrow zone of 
the equator. After all, if such convulsions ever did 
occur, it is not certain that life would become extinct. 
The conditions being changed, would probably give 
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rise, gradually, to a new flora and a new fauna ; but 
previously to this new emiesion of life the beings now 
existing would meet with destruction and death. 

It is by supposing that the brightness of our Sun 
is variable, that some philosophers have endeavored 
fco account for the glacial period ; but geologists do 
not admit their explanation. The changes which 
have gradually occurred in the distribution of land 
and sea suflSce, according to them, to account for the 
extremes of climate through which our globe has 
passed, and which have gradually made way for the 
modified climates of the present day. 

We have seen that the number of sun-spots ap- 
pears to increase and diminish periodically. May 
this fact be admitted as a proof that our Sun must be 
classed among the variable stars ? In short, are the 
spots which darken the disc capable of causing suffi- 
cient diminution in the intensity of solar radiation to 
be noticed at the distance of the fixed stars ? Such 
may be absolutely the case, but, nevertheless, the 
change must be very slight, since the effects of it have 
never yet been noticed with certainty at the surface 
of the Earth. 

Now, what would result if the Sun's photosphere 
were covered over by numerous and extensive spots Î 
If the latter are produced by the effects of a lower 
temperature at these points of the solar sphere, it is 
evident that the result would be a decrease in the 
amount of heat and light radiated by the Sun to the 
planets and to the Earth. If it were completely 
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vered with spots, the glorious central orb would bo- 
>me transformed into a dark globe, and would cease 
to animate with its beneiicent rays the worlds which 
gravitate around it. Death, destruction, cessation of 
movement, would everywhere succeed to life and mo- 
tion. But these are merely flights of the imagination, 
which the prolonged stability of our system does not 
justify in the least, and the phantoms of which poets 
alone are allowed to invoke. Lord Byron has, in- 
deed, described the terrible drama of which our world 
vv^ould, perhaps, be the theatre, if the radiant focus 
which supplies life to us and to all the beings which 
people the Earth were to become suddenly extinguish- 
ed. We quote these few lines of poetry for those of 
our readers who may like to read quietly, by their 
firesides, an account of such grand fantastic scenes, 
and feed their imagination on sublime horrors : — 

* I had a dream, which was not aU a dream, 

The bright Sun wns extinguished, and the stars 

Did wander darkling in the eternal space, 

Ravless and pathless, and the icy Earth 

Swung blind and blackening in the moonless ùr. 

Morn came and went — and came, and brought no day ; 

And men forgot their passions in the dread 

Of this their desolation ; and all hearts 

Were chilled into a selfish prayer for light. 

And they did live by watchfires ; — and the thrones, 

The palaces of crowned kings, the huts. 

The habitations of all things which dwell, 

Were b»iint for beacons ; cities were consumed. 

And men were gathered round their blazing homeSi 

To look once more into each other^s face. 



btbon's ^dabknesb.' 289 

Happy were those who dwelt within the ejo 

Of the volcanoes, and their mountain-torch ! 

A fearful hope was all the world contained. 

Forests were set on fire — ^but hour by hour 

They fell and faded — and the crackling trunks 

Extinguished with a crash — ^aiid all was black. 

The brows of men by the despairing light 

Wore an unearthly aspect, as by fits 

The flashes fell upon them ; some lay down, 

And hid their eyes and wept ; and some did rest 

Their chins upon their clenched hands, and smiled; 

And others hurried to and fro, and fed 

Their funeral piles with fuel, and looked up 

With mad d'u^qnietude on the dull sky,* 

The pall of a past world ; and then, again. 

With curses, cast them down upon the dust, 

And gnashM tf^eir teeth and howPd : the wild birds shrieked. 

And, terrified, did flutter on the ground. 

And flap their useless wings ; the wildest brutes 

Game tame and tremulous ; The vipers crawTd 

And twined themselves among the multitude, 

Hissing, but stingless — they were slain for food: 

And War, which for a moment was no more. 

Did glut himself again ! — A meal was bought 

With blood, and each sate sullenly apart. 

Gorging himself in gloom : no love was left ; 

All earth was but one thought — and that was death. 

Immediate and inglorious : and the pang 

Of famine fed upon all entrails — men 

Died, and their bones were tombless as their fleslu 

The meagre by the meagre were devoured ; 

Even dogs assailed their masters, all, save one, 

And he was faithful to a corse, and kept 

s 

* If the Sun alone were extinguished we should still have the aspeci 
C/f the starlit sky — a very poor consolation, however, for a population 
of famished and frozen people. 

1? 
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The birds, and bessts, and lamishM men at baj. 

Till hunger dnng them, or the dropping dead 

Lored their lank jaws ; himself sought oat no food. 

But with a piteous and perpetual moan. 

And a quick, desolate crj, licking the hand 

Which answered not with a caress — he died. 

The crowd was famished hj degrees, but two 

Of an enormous city did survive, 

And they were enemies : they met beside 

The dyiAg embers of an altar-place, 

Where had been heapM a mass of holy things 

For an unholy usage. They raked up. 

And shivVing, scraped with their cold, skeleton haiMkk 

The feeble ashes, and their feeble breath 

Blew for a little life, and made a flame — 

Which was a mockery. Then they lifted up 

Their eyes, as it grew lighter, and beheld • 

Each other^s aspects — saw, and shriekM, and died— 

Kv'n of their mutual liideousness they died, 

Unknowing who he was upon whose brow 

Famine had wntten Fiend. The world was void. 

The populous and the powerful was a lump, 

Seasonless, lier>)levss, treeless, manless, lifeless — 

A lump of death — a chaos of hard clay. 

The rivers, lakes, and oceans all stood still, 

And nothing stirred within their silent depths; 

Ships, sailorless, lay rotting on the sea, 

And their masts fell down piecemeal ; as they droppM 

They slept on the abyss without a surge — 

The waves were dead ; the tides were in their grave; 

The Moon, their mistress, had expired before; 

The winds were withered in the stagnant air, 

And the clouds pcrishM I Darkness had no need 

Of aid from them — She was the Universe.* 



EPILOGUE. 

Is THE Sun inhabited f 

Phydeal impossibility of the Existence of organised and living fieingi 
on the Stin*8 surface. — ^The Romance of an Inhabited Sun. — Logî 
cal Conditions imposed upon the Hypotheses which deal with th« 
Habitability of the Celestial Orbs. 

After all that we have said respecting the nature 
of the Sun, or, as astronomers call it, its physical 
constitution, the question placed at the head of tliis 
chapter is, perhaps, scarcely worthy of being sub- 
mitted to careful examination. If we take into con- 
sideration the high scientific authority of some men 
who have answered it in the affirmative, we are bound 
to look into it ; not so, however, if we argue upon^the 
most recent observations, or if we confine ourselves to 
analogy, or to the known laws of physical phenomena, 
such as we are acqu tinted with them upon the Earth 
— such as they must also manifest themselves upon 
and in the solar globe.* 

* [This is just the point which writers, such as Flammarion and 
others, who have recently argued for the Sun's habitabilitt/^ dispute. 
Are * physicnl -phenomena* the same in the Sun as upon the Earth ? they 
ask ; if not, it may be inhabited — perhaps by angels I — See Flammarion^s 
recent work * I*a Pluralité des Mondes habités.' Paris, 1864, 2nd ed 
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It is true that the partisans of Wilson's theory— 
and the illustrious François Arago was one of them, 
but it is fifteen yeara ago — believed that the solaf 
globe or nucleus was comparatively dark and cold, 
being separated and preserved from the radiating 
photosphere by a thick layer of cloud endowed with 
the property of absorbing both light and heat. But 
it is precisely this hypothesis of a dark, cold nucleus, 
which is no longer admissible. 

The interposition of matter acting as a screen, 
either opaque or endowed with very weak absorbing 
power for light and heat — supposing its existence to 
be proved — would only settle one thing, namely, that 
the internal nucleus is not heated by radiation. But 
if the photosphere is really in contact with the cloudy 
layer of the penumbrse, it must transmit its heat by 
conduction ; as it envelopes the solar globe entirely it 
must heat it at every point of its surface, and even if 
the conducting power were very slight, equilibrium of 
temperature would, in time, be established in the 
whole mass, and this temperature cannot be lower 
than that of fusion. Gases are, it is true, very bad 
conductoi-s of heat, but their conduction is not ne7, 
and its effects being accumulated for centuries, it is 
easy to see tliat equilibrium of temperature between 
the photosphere and the nucleus must be established. 
We must not forget, moreover, that gaseous matter 
gets heated throughout its mass by convection^ or 
transportation of the heated portions by circulation 
among the cooler portions ; and unless we suppose it 
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to be absolntely at rest, its heat must tlius be pro- 
pagated very rapidly. Now, the phenomena of the 
spots, theii' rapid transformations, the movements 
which these transformations must cause either in the 
different layers of the photosphere, or in the deeper 
legions of the solar globe, appear to us to place 
beyond doubt the constant mixing of the different 
layers by a continual interchange of heat. 

It is, therefore, extremely probable that the entire 
globe of the Sun has a very high temperature through- 
out its mass — a temperature which surpasses the melt- 
ing [or boiling] points of most of the elementary sub- 
stances of whicli spectral analysis has revealed the 
existence in its atmosphere. At the same time it is 
evident that the various concentric layers, of which 
the solar globe may be supposed to be formed, exert 
one upon the other considerable pressure, since we 
find that, at the surface itself, the intensity of gravi- 
tation is twenty-eight times as great as upon the 
Earth's surface ; this pressure may hinder fusion to a 
certain extent, but not incandescence. But we be- 
lieve that the hypothesis of a liquid incandescent — or 
even a gaseous — nucleus is the more probable. 

However that may be, it is absolutely impossible 
to understand how any b'ving beings, animals or 
vegetables, could live in such conditions. It is all 
very well to conjure up a fantastic romance as to the 
kind of people who live in the Sun, to imagiiie them 
dwelling in a kind of hothouse, and observing the sky 
through the openings produced by the spots ; but it is 
pure imagination and not science. 
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True it is, that in considering a problem so in- 
completely under control, we might reserve onr ojnn- 
ion. The physical constitution of the Snn is yet too 
slightly investigated to enable any one to make an 
authoritative statement on this subject; we can only 
rely upon probabilities, but in doing so we must re- 
main within the bounds of well an thenticated facts: 
we must not, in order to favor any gratuitous hypo- 
thesis, imagine at will the existence of physical laws 
different from those which observation and experi- 
ment have revealed. But this is the position taken 
up by those who believe that the Sun may be inhab- 
it(d. 

At any rate there is one fact which they cannot 
^et over, namely, the constancy of solar light and 
liejit— tlie prodigious expenditure of light and heat 
wliic.li the thin envelope or photosphere certainly 
cannot sutlice to produce, unless its incandescent state 
is k(;j)t up l)y heat from the interior of the Sun's mass. 
Wlieth(îr we adopt tlie meteoric theory, or the trans- 
fonuiitioii of gravitation into heat, we cannot suppose 
tlie internal nucleus of the solar globe to be at a low 
temperature. 

Some writers hav^e certainly endeavored to sup- 
port the supposition of such a low temperature by 
appealing to known physical phenomena. They have 
con J pared the globe of the Sun surrounded by its 
photosphere, to the spheroidal globule produced in 
M. Boutigny's curious experiments, a globule of 
liquid which remains colder than ice in a medium 
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heated to whiteness.* But it is very evident that the 
conditions are widely different: in one case the 
medinm is a gaseous incandescent mass : in the other 
it is.a solid metallic or porcelain vessel. The solar 
nucleus is snpposed by them to be solid, whilst the 
globule in M. Bontigny's experiments is a liquid. 

A distinguished French astronomer, M. Liais, sup- 
poses that the grey atmosphere, which explains the 
penumbra in Wilson and Herschel's theory, is en- 
dowed with properties precisely the reverse of those 
we recognise in our own atmosphere: the latter 
absorbs the rays of luminous heat, and is not traversed 
by rays of dark heat, which accounts for the slight 
loss of heat from the ground by diurnal or nocturnal 
radiation ; on the contrary, the internal atmosphere 
of the Sun would, in his opinion, be opposed to 
radiation from the photosphere, but would allow the 
internal dark heat to traverse it freely. Thus would 
be explained the existence of a low temperature at 
the surface of the solar globe. Now, not only is this 
property of the grey atmosphere a gratuitous hypo- 
thesis, but it only applies to heating by radiation ; it 
would not prevent heat being propagated by con- 
ductibility or convection. 

♦ [When a drop of water falls upon a red-hot sheet of iron it takea 
what is called the spheroidal atate^ and floats about on a cushion of 
Btcam as « globule of water whose temperature i& belcw boiliiig-poiiit. 
There is no immediate contact between the globule and the hea'ed sur- 
face. Vide Boutigny, * Etudes sur les Corps à l*état spheroidal,' 1 vol 
8vo. Pari.*, 1857. When liquid gulphurous acid is used instead of 
water, its temperature descends below zero. — P.] 
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In short, it appears to as extremely difScult to 
consider the San as a globe inhabited by organised 
beings; we have no idea what sort of life coald exist 
in a mediam at so high a temperatare. All physiolo- 
gists agree that no terrestrial being can exist in a 
temperature scarcely higher than 100® C, and it is 
not ot 100°, hut of 1000° and 2000° of heat we mast 
s]>eak when alluding to the strata of the solar globe 
immediately beneath the photosphere. How can we 
conceive plants or animals living in a temperatare 
capable of melting metals ? 

We are well aware that those who establish as a 
dogma the habitability of the celestial globes, who 
will, at any risk, people both the largest and the smallest 
of them, comets and nebnlne, sun and planets, with 
livinij beiiiir^, have a verv convenient method of solv- 
in^r tlie difficultv and criticising]: the data which 
science brings forward in opposition to their doctrine. 
It consists in imagining that matter in these distant 
rcirions possesses different properties to those which 
it reveals to us in this world— properties which are 
unknown to us. 

As a general rule, it is very true that where life is 
possible different kinds of organisms correspond to 
ditl'orent physical conditions. Upon the Earth itself 
it is so; there is, necessarily, harmony existing be- 
tween the living being and the medium in which it 
lives. But even these conditions have their limits, as 
is proved by the palœontological history of our planet : 
in the earliest periods life was abscJ^ it was devel 
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oped gradually or progressively, whilst the atmo- 
sphere and the soil underwent physical modifica- 
tions. 

Unless we fall back, th^n, to the superstitions 
ravings of times gone by, and believe in the existence 
of certain imaginary animals capable of living in fire, 
we cannot do otherwise than consider the Sun as a 
globe upon or in which life is absolutely impossible. 

Will it ever become a habitable- globe ? Such is 
verj^ possible ; but at that period our Earth and the 
other planets will probably be no longer the theatre 
of life. 

Nevertheless, the functions of the Sun, as far as 
life is concerned, are as important as those of the 
Earth and other celestial bodies which revolve around 
it. It is the focus of those poweriul vibrations which 
carry life and movement everywhere, the interrup- 
tion of which would be the signal of destruction and 
death to every organism upon the surface of the 
celestial globes which compose our solar world* 
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